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PREFACE. 


This  Introductiou  to  Human  Anatomy  was  prepared 

as  the  Article  "  Anatomy  "  for  the  Ninth  Edition  of 

the  "Encyclopaedia  Britannica,"  now  in  course  of 

publication.    It  has  no  pretence  to  be  an  exhaustive 

treatise  on  the  subject,  and  in  writing  it,  my  object 

has  been  to  give  an  exposition  of  the  principles  on 

which  the  human  body  is  constructed,  rather  than 

to  put  before  the  reader  a  detailed  description  of  the 

several  organs.    At  the  suggestion  of  the  publishers 

it  has  been  reproduced'  in  a  separate  volume. 

The  illustrations,  except  when  otherwise  stated  in 

the  text,  are  original.    The  figures  of  the  dissected 

parts  are  from  drawings  by  Dr  W.   M.  Banks 

and  Dr  J.  Halliday  Scott.     The  great  majority 

of  the  illustrations  of  the  microscopic  objects  have 

been  drawn  on  the  wood,  from  original  material  and 

specimens,  by  Drs  J.  C.  Ewart  and  J.  Halliday  Scott, 
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and  by  Mr  C.  Berjeau,  to  each  of  whom  I  desire  to 
express  my  thanks  for  the  care  that  has  been  taken  in 
delineating  the  several  objects.    Except  when  stated 
otherwise,  the  microscopic  specimens,  from  which  the 
illustrations  of  the  minute  anatomy  of  the  organs 
have  been  taken,  were  prepared,  with  his  customary 
care  and  skill,  by  my  assistant,  Mr  A.  B.  Stirling. 
For  the  use  of  the-  woodcuts,  in  illustration  of  Dr 
Thin's  observations,  I  am  indebted  to  that  gentleman, 
and  to  the  publishers  of  the  Edinburgh  Medical 
Journal.    My  thanks  are  also  due  to  my  friend,  Dr 
J.  A.  Eussell,  for  the  trouble  he  has  bestowed  in 
revising  the  proof-sheets  of  the  latter  half  of  the 
book. 

March  1877. 
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INTEODUCTIOK 


Anatomy  ('Avaro/Aij)  means  in  its  literal  sense  the  dis- 
section or  separation  of  parts  by  cutting,  but  in  its 
usual  acceptation  it  is  employed  to  denote  the  science  the 
province  of  which  is  to  determine  the  construction,  the  form, 
and  the  structure  of  organised  bodies,  i.e.,  of  bodies  which 
either  are  or  have  been  living.  It  is  therefore  a  depart- 
ment of  the  science  of  Biology.  It  resolves  itself  into 
two  great  divisions — Animal  Anatomy  or  Zootomy,  the 
object  of  which  is  to  investigate  the  structure  of  animals; 
and  Vegetable  Anatomy  or  Phytotomy,  the  object  of 
which  is  to  elucidate  the  structure  of  plants.  Animal  Ana- 
tomy, again,  naturally  resolves  itself  into  two  divisions :  one 
in  which  the  construction,  form,  and  structure  of  two  or 
more  animals  are  compared  with  each  other,  so  as  to  bring 
out  their  features  of  resemblance  or  dissimilarity, — this  is 
called  Comparative  Anatomy;  the  other,  in  which  the 
construction,  form,  and  structure  of  parts  in  a  single  ani- 
mal are  considered,  which  is  termed  Special  Anatomy. 
The  special  anatomy  of  an  animal  may  be  studied  from 
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various  points  of  views :  (a)  with  reference  to  the  succession 
of  forms  which  it  exhibits  at  various  periods  from  its  first 
appearance  as  an  embryo  to  the  assumption  of  its  adult 
characters:  this  is  termed  Developmental  or  Embeyo- 
LOGiCAL  Anatomy;  (6)  with  reference  either  to  its  form 
and  structure,  or  to  the  investigation  of  the  laws  by  which 
these  are  determined,  termed  Morphological  Anatomy  ; 
(c)  with  reference  to  the  function,  use,  or  purpose  per- 
formed by  a  part  or  structure  in  an  animal,  termed 
Teleologioal  or  Physiological  Anatomy;  (d)  with  re- 
ference merely  to  the  relative  position  of  different  parts  or 
structures,  termed  Topographical  Anatomy;  (e)  with 
reference  to  the  structure  and  general  properties  of  the 
tissues  or  textures  which  enter  into  the  construction  of  the 
parts  or  organs  of  animals ;  to  this  branch  of  study  have 
been  appUed  the  terms  General  Anatomy,  Anatomy  of 
Textures,  Histology  and,  from  the  miscroscope  being  so 
largely  employed  in  the  examination  of  the  textures. 
Microscopic  or  Minute  Anatomy;  (/)  with  reference  to 
the  changes  induced  by  disease  in  the  organs  or  tissues, 
termed  Morbid  or  Pathological  Anatomy.  From  its 
manifold  aspects  Anatomy  forms  the  basis  of  the  Biological 
Sciences.  As  a  knowledge  of  the  laws  of  motion  is  essen- 
tial, and  must  be  constantly  recurred  to  at  every  step 
before  any  true  progress  can  be  made  in  the  investigation 
of  the  physical  sciences,  so  must  the  structure  of  animal 
bodies  be  constantly  appealed  to  by  the  zoologist  in  all 
attempts  at  classification;  by  the  physiologist  in  aU  in- 
quiries into  the  functions  performed  by  the  organs  and 
textures  in  a  state  of  health,  and  into  the  special  adapta- 
tion of  parts  to  particular  uses;  and  by  the  physician  in 


INXKODUCTION. 


3 


considering  the  alterations  or  disturbance  of  the  functions 
of  parts  in  the  course  of  disease.  To  describe  the  anatomy 
of  the  multitudinous  forms  of  animal  life  from  these  dif- 
ferent points  of  view  ivould  require,  not  one,  but  several 
voluminous  treatises,  and  would  much  exceed  the  compass 
of  this  volume,  which  is  intended  to  be  devoted  more 
particularly  to  the  description  of  the  Special  Anatomy  of 
the  Human  Body  in  a  state  of  health ;  in  other  words,  to 
be  a  short  treatise  on  Human  Anatomy  or  Anthkopotomy. 
As  forming  a  department  of  the  general  science  of  Com- 
parative Anatomy,  the  anatomy  of  Man  is  interesting  not 
oidy  to  men  of  science  generally,  but,  from  its  intimate  con- 
nection with  the  several  divisions  of  the  art  of  healing, 
and  with  the  study  of  the  functions  of  the  human  body, 
possesses  the  highest  importance  to  the  physician,  surgeon, 
and  physiologist. 

SPECIAL  ANATOMY  OF  THE  HUMAN  BODY. 

Man,  zoologically  speaking,  belongs  to  the  Mammalian 
class  of  the  Vertebrate  sub-kingdom,  i.e.,  his  young  are 
brought  forth  alive,  and  nourished  during  infancy  on  milk 
secreted  in  mammary  or  milk-forming  glands.  In  common 
with  all  vertebrate  organisms,  he  possesses  a  spine  or  verte- 
bral column  and  a  skull,  in  which  are  contained  the  brain 
and  the  spinal  marrow,  and  on  the  ventral  surface  of  the 
spinal  column  are  situated  the  several  subdivisions  of  the 
alimentary  canal. 

But  man  possesses  certain  special  or  distinctive  anatomi- 
cal characters.  The  most  noticeable,  as  seen  on  an  external 
inspection  of  his  body,  is  his  erect  position.     He  is. 
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indeed,  the  only  living  creature  that  can  walk  or  stand 
erect,  i.e.,  with  the  axis  of  the  spine 
vertical ;  with  the  hip  and  knee  joints 
capable  of  being  fully  extended,  so 
that  the  leg  is  brought  into  line  with 
the  thigh;  with  the  foot  so  planted 
on  the  ground  that  it  rests  on  the  heel 
behind  and  on  the  roots  of  the  toes 
in  front;  with  the  upper  Hmbs  so 
arranged  as  to  act,  not  as  instruments 
of  progression,  but  of  prehension ;  and 
with  the  head  so  balanced  on  the  top 
of  the  spine  that  the  face  and  eyes 
look  directly  to  the  front.  His  bones, 
joints,  and  muscles  are  constructed 
and  arranged  so  as  to  enable  him  to 
preserve  the  erect  attitude  without 
fatigue.  In  other  vertebrata  the  axis 
of  the  spine  is  oblique  or  horizontal, 
the  hip  and  knee  joints  are  perma- 
nently bent  at  a  more  or  less  acute 
angle,  the  limbs,  corresponding  to  the 
human  upper  extremities,  are,  in  the 
^VuTh'^tfnrhu,!^^  of  legs,  wings,  or  fins,  instru- 
skiiu  and  spTn"*!' darkly  ments  of  progression,  and  the  head 

shaded,  and  containing  .         ,  •     t  i    ^       -ii     j.t.  •  j. 

the  cerebro-spinal  nerv-  IS  articulated  With  tUC  Spine  at  Or 
0U3  axis,  are  dorsal,  or  at  ■,  •  i      i-  i  ii 

the  back.  The  aliment-  neai'  the  hinder  end  01  tne  skuil. 

ary  and  respiratory  tubes,  . 

seen  in  outline,  are  ven-  Owmg   tO  the   OOhqUB  or  llOllZOntal 

tral,  or  atthe  ft-ont.   The  °  ,     t     •  i 

dotted  line  V  represents  attitude  of  the  body  in  the  Vertebrata 

the  vertical  axis  of  the  _  . 

trunk.  generally,  and  its  erect  position  m 

man,  the  terms  which  g-re  employed  in  describing  the 
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relative  position  of  different  parts  are  not  used  in  the  same 
sense  by  the  human  and  comparative  anatomist.  Thus, 
parts  which  are  superior, 
or  above  other  parts,  in 
the  human  body,  are  an- 
terior, or  in  front,  in 
vertebrata ;  and 
which    are  pos- 


other 
parts 
terior. 


nr  hpTiinrI  n+li or  ^•~OutUne  diagram  of  a  quadruped  ;  the 
ui    UBiUUU    ui/iiei     axis  of  the  spine  is  almost  at  right  angles 

parts  in  man,  are  superior  *°  ^^"^  ^"'^'''■^  ^"'"'^  ^'""^''■■^ 
to  them  in  other  vertebrata.  To  obviate  the  confusion 
which  must  necessarily  arise  when  comparing  the  human 
body  with  that  of  other  vertebrates,  certain  descriptive 


Fig.  3. — Outline  diagram 
of  a  bird.  The  axis  of 
the  spine  lies  obliquely 
to  the  vertical  dotted 
line.    (After  Goodsir.) 


Fig.  4. — Outline  diagi-am  of  a 
monlicy  in  the  semi  -  erect 
position.  The  axis  of  the  spine 
lies  obliquely  to  the  vertical 
dotted  line.    (After  Goodsir.) 


terms  have  been  recommended  which  may  be  employed 
whether  the  position  of  the  body  be  erect  or  non-erect. 
Thus,  the  aspect  of  parts  directed  towards  the  region 
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where  the  atlas  or  first  vertebra  is  situated  is  atlantal,  that 
directed  towards  the  sacmm  is  sacral,  that  towards  the 
back  is  dorsal,  that  towards  the  front  is  ventral  or  haemal. 
Quite  recently  the  term  prce-axial  has  been  introduced  as 
equivalent  to  atlantal,  and  post-axial  to  sacral. 

The  body  may  be  considered  as  divided  by  an  imaginary 
plane,  the  mesial  plane,  into  two  lateral  and  similar  halves, 
a  right  and  left,  so  that  it  exhibits  a  bilateral  symmetry  j 
and  the  constituent  parts  are  described  as  being  external  or 
internal  to  each  other,  according  to  their  relative  position 
to  this  plane.  For  descriptive  purposes,  also,  we  may 
subdivide  the  body  into  Axial  and  Appendictjlae  portions. 
The  Axial  part  is  the  stock  or  stem  of  the  body,  and 
consists  of  the  Head,  the  Neck,  and  the  Trunk.  The 
trunk  is  again  subdivided  into  the  chest  or  Thorax,  and 
the  belly  or  Abdomen;  and  the  abdomen  is  agaiu  sub- 
divided into  the  abdomen  proper  and  the  Pelvis.  The 
axial  part  contains  the  organs  essential  to  the  preservation 
of  life.  In  the  head  is  lodged  the  brain,  from  which  the 
spinal  marrow  is  prolonged  down  the  spinal  canal.  At  the 
sides  of  the  head  are  the  ears,  and  opening  on  to  the  face 
are  the  eyes,  nostrils,  and  mouth.  Prolonged  down  the 
neck  are  the  gullet  and  windpipe,  with  the  latter  of  which 
is  associated  the  organ  .of  voice.  Within  the  chest  lie  the 
heart,  lungs,  and  gullet;  and  in  the  abdomen  are  contained 
the  stomach,  intestine,  liver,  spleen,  pancreas,  kidneys,  and 
other  organs  concerned  in  the  urinary  and  generative 
functions.  The  Appendicular  part  forms  the  Mmbs,  which 
do  not  contain  organs  essential  to  life.  In  man  the  limbs 
are  called  Upper  and  Lower — the  former  are  instruments 
of  prehension,  the  latter  of  progression.    The  subdivisions 
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of  the  body  are  not  homogeneous  in  structure,  but  are  built 
up  of  several  systems  of  organs,  each  system  being  charac- 
terised not  only  by  peculiarities  in  form,  appearance,  and. 
structure,  but  by  possessing  special  functions  and  uses. 
Thus  the  bones  collectively  form  the  Osseous  system;  the 
joints  the  Articulatory  system;  the  muscles,  which  move  the 
bones  at  the  joints,  the  Muscular  system;  and  these  several 
systems  collectively  constitute  the  organs  of  Locomotion. 
The  brain,  spinal  marrow,  sympathetic  ganglia,  and  nerves, 
form  the  Nervous  system,  with  which  is  intimately  asso- 
ciated the  organs  of  Sense;  the  blood  and  lymph  vessels, 
the  Vascular  system;  the  lungs  and  windpipe,  the  Kespira- 
tory  system;  the  alimentary  canal,  with  the  glands  opening 
into  it,  the  Digestive  system;  the  kidneys,  bladder,  and 
urethra,  the  Urinary  system;  the  testicles,  spermatic  ducts, 
and  penis  in  the  male,  with  the  ovaries,  uterus,  and  clitoris 
in  the  female,  the  Generative  or  Reproductive  system ;  the 
skin,  with  the  hair  and  nails,  the  Tegumentary  system- 
These  various  systems  are  so  arranged  with  reference  to 
each  other  as  to  form  an  organic  whole. 

The  Organs  of  Locomotion  will  first  attract  our  attention. 


CHAPTER  L 


SKELETON. 

Osseous  System — Osteology — Skeleton. — The  word 
Skeleton  (from  o-kcAAw,  to  dry)  signifies  literally  the  dry  or 
hard  parts  of  the  body.    When  used  in  a  limited  sense  it 
is  applied  merely  to  the  bones,  but  when  used  in  a  wider 
and  more  philosophic  sense  it  comprises  not  only  the  bones 
or  osseous  skeleton,  but  the  cartilages  and  fibrous  mem- 
branes which  complete  the  framework  of  the  body.  The 
first  evidence  of  a  skeleton  in  the  embryo  is  the  appear- 
ance of  membranes  in  many  parts  of  which  cartilage  is 
developed,  and  in  course  of  time  this  cartilage  is  converted 
into  bone.    In  some  animals,  however,  as  in  the  cartila- 
ginous fish,  the  osseous  conversion  does  not  take  place, 
and  the  skeleton  remains  permanently  cartilaginous;  and 
in  the  very  remarkable  fish  caUed  Lancelet,  or  Amphi- 
oxus,  the  skeleton  consists  almost  entirely  of  fibrous  mem- 
brane. 

The  skeleton  serves  as  a  basis  of  support  for  the  soft 
parts,  as  affording  surfaces  of  attachment  for  muscles  and 
as  a  protection  for  many  delicate  organs.  In  the  verte. 
brata  the  osseous  skeleton  is  clothed  by  the  muscles  and 
skin,  and  is  technically  called  an  endo-skeleton.  In  inverte- 
brata  the  skeleton  is  not  unfrequently  on  the  surface  of  the 
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body,  and  is  termed  an  exo-  or  dermo-sheleton.  In  some 
vertebrates  {e.g.,  the  armadillo,  tortoise,  and  sturgeon),  in 
addition  to  the  proper  endo-skeleton,  skeletal  plates  are 
developed  in  connection  with  the  integument,  so  that  they 
possess  a  dermo-skeleton  likewise.  In  some  vertebrates, 
also,  a  partial  skeleton  is  formed  within  the  substance  of 
some  of  the  viscera — e.g.,  in  ruminant  animals  a  bone  is 
situated  in  the  heart ;  in  the  walrus  and  other  carnivora, 
in  rodents,  bats,  and  some  monkeys,  a  bone  lies  in  the 
penis ;  and  in  the  leopard,  jackal,  and  other  carnivora,  a 
cartilaginous  style  lies  in  the  middle  of  the  tongue.  These 
parts  form  a  splanchno-  or  visceral  skeleton.  By  some 
anatomists  the  teeth,  which  are  unquestionably  hard  parts 
of  the  body,  are  also  referred  to  the  splanchno-skeleton, 
though  they  are  special  modifications  of  the  mucous  mem- 
brane of  the  gum.  In  man,  the  teeth  being  excluded, 
there  is  neither  exo-  nor  splanchno-skeleton,  but  only  an 
endo-skeleton. 

In  each  of  the  great  subdivisions  of  the  body  an  endo- 
skeleton  exists,  so  that  we  may  speak  of  an  Axial  Skeleton 
and  an  Appendicular  Skeleton.  The  x^ial  Skeleton  con- 
sists of  the  bones  of  the  spine  and  head,  the  ribs,  and  the 
breastbone;  the  Appendicular  Skeleton,  of  the  bones  of 
the  limbs.  The  number  of  bones  in  the  skeleton  varies  at 
different  periods  of  life.  In  the  adult  there  are  about  200, 
but  in  the  child  they  are  more  numerous ;  for  in  the  pro- 
cess of  consolidation  of  the  skeleton  certain  bones  originally 
distinct  become  fused  together. 
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Axial  Skeleton. 

SPINE. 

We  shall  commence  the  description  of  the  Axial  Skele- 
^'i  TON  by  giving  an  account  of 

the  bones  of  the  spine. 

The  Spine,  Spinal  or 
Vertebral  Column,  chine, 
or  backbone,  consists  of  a 
number  of  superimposed 
bones  which  are  named  Verte- 
brae, because  they  can  move  or 
turn  somewhat  on  each  other. 
It  lies  in  the  middle  of  the 
1)12/'     1^^^^^^^^;^^,    back  of  the  neck  and  trunk  ; 

has  the  cranium  at  its  summit ; 
■the  ribs  at  its  sides,  which  in 
their  turn  support  the  ujjper 
limbs;  whilst  the  pelvis,  with 
the  lower  limbs,  is  jointed 
to  its  lower  end.  The  spine 
consists  in  an  adult  of  twenty- 
six  bones,  in  a  young  child 
of  thirty-three,  certain  of  the 
bones  in  the  spiue  of  the 
child   becoming  ankylosed 

Fig.  5.— The  Axial  Skeleton.    Cr,  the  or  blended  with  each  other 
cervical  vertebiffi;  D^,  the  dorsal; 

Lj,  the  lumbar;  Sj,  the  sacral;  Coc^,     ^hc  adult.    These  blended 

tlie  coccygeal;  CC,  the  senes  of  twelve 

ribs  on  one  side;  Ps,  the  prai-stemum ;  ^oues  lose  their  mobility,  and 
Is,  the  meso-sternuni;  Xs,  the  xlphi-  - 
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■ffMlst  those  which  retain  their  mobility  are  the  true 
vertebrte.  In  the  vertebrata  the  bones  of  the  spine  are 
arranged  in  groups,  which  may  be  named  from  their 
position— vertebra  of  the  neck  or  cervical;  of  .the  chest, 
dorsal  or  thoracic ;  of  the  loins,  lumbar ;  of  the  pelvis, 
sacral;  and  of  the  taH,  coccygeal  or  caudal;  and  the 
number  of  vertebrae  in  each  group  may  be  expressed 
in  a  formula.  In  man  the  formula  is  as  follows: — 
C7D12L5S5C0C4  =  33  bones,  as  seen  in  the  child;  but  the 
five  sacral  vertebrje  fuse  together  into  a  single  bone — ^the 
sacnim— and  the  four  coccygeal  into  the  single  coccyx. 
Hence  the  sacrum  and  coccyx  of  the  adult  are  the  false, 
whilst  the  lumbar,  dorsal,  and  cervical  are  the  true 
vertebrte. 

The  vertebrte  are  irregularly-shaped  bones,  but  as  a 
rule  have  certain  characters  in  common.  Each  possesses  a 
body  and  an  arch,  which  enclose  a  ring,  with  certain  pro- 
cesses and  notches.  The  Body,  or  Centrum,  is  a  short 
cylinder,  which  by  its  upper  and  lower  surfaces  is  con- 
nected by  means  of  fibro-cartilage  with  the  bodies  of  the 
vertebrae  immediately  above  and  below.  The  collective 
series  of  vertebral  bodies  forms  the  great  column  of  the 
spine.  The  Arch,  also  called  Neural  Arch,  because  it  en- 
closes the  spinal  marrow  or  nervous  axis,  springs  from  the 
back  of  the  body,  and  consists  of  two  symmetrical  halves 
united  behind  in  the  middle  line.  Each  half  consists  of  an 
anterior  part  or  pedicle,  and  a  posterior  part  or  lamina. 
The  Kings  collectively  form  the  spinal  canal.  The  Pro- 
cesses usually  spring  from  the  arch.  The  spinous  process 
projects  backwards  from  the  junction  of  the  two  laminae, 
and  the  collective  series  of  these  processes  gives  to  the 
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entire  column  the  spiny  character  from  which  has  arisen  the 
term  Spine,  applied  to  it.  The  transverse  processes  project 
outwards,  one  from  each  side  of  the  arch.  The  articular 
processes  project,  two  upwards  and  two  downwards,  and 
are  for  connecting  adjacent  vertebrae  together.  The 
Notches,  situated  on  the  upper  and  lower  borders  of  the 
pedicles,  form  in  the  articulated  spine  the  intervertebral 
foramina  through  which  the  nerves  pass  out  of  the  spinal 
canal. 

The  vertebrae  in  each  group  have  characters  which 
specially  distinguish  them.     In  man  and  all  mammals, 
with  few  exceptions,  whatever  be  the  length  of  the  neck, 
the  Cervical  Vertebrae  are  seven  in  number.    The  excep- 
tions are  the  three-toed  sloth,  which  has  nine,  and  Hoff- 
mann's sloth  and  the  manatee,  in  which  there  are  only  six. 
In  many  whales  the  seven  cervicals  are  fused  in  the  adult 
into  a  single  bone.    In  man  the  body  of  a  cervical  vertebra 
is  comparatively  small,  and  its  upper  surface  is  transversely 
concave ;  the  arch  has  long  and  obliquely  sloping  laminee ; 
the  ring  is  large  and  triangular ;  the  spine  is  short,  bifid, 
and  horizontal ;  the  transverse  process  consists  of  two  bars 
of  bone,  the  anterior  springing  from  the  side  of  the  body, 
the  posterior  from  the  arch,  and  uniting  externally  to 
enclose  a  foramen,  through  which,  as  a  rule,  the  vertebral 
artery  passes ;  the  articular  processes  are  flat  and  obUque, 
and  the  upper  pair  of  notches  are  deeper  than  the  lower. 
The  first,  second,  and  seventh  cervical  vertebrae  have 
characters: which  specially  distinguish  them.    The  first,  or 
Atlas,  has  no  body  or  spine  :  its  ring  is  very  large,  and  on 
each  side  of  the  ring  is  a  thick  mass  of  bone,  the  lateral 
mass,  by  which  it  articulates  with  the  occipital  bone  above 
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and  the  second  vertebra  below.  The  second  vertebra,  Axis, 
or  Vertebra  dentata,  has  its  body  surmounted  by  a  thick 
tooth-like  odontoid  process,  which  is  regarded  as  the  body 
of  the  atlas  displaced  from  its  proper  vertebra  and  fused 
with  the  axis.  This  process  forms  a  pivot  round  which 
the  atlas  and  head  move  in  turning  the  head  from  one  side 
to  the  other ;  the  spine  is  large,  thick,  and  deeply  bifid. 
The  seventh,  called  Vertebra  prominens,  is  distinguished 
by  its  long  prominent  spine,  which  is  not  bifid,  and  by 
the  small  size  of  the  foramen  at  the  root  of  the  transverse 
process.  In  the  human  spine  the  distinguishing  character 
of  all  the  cervical  vertebrae  is  the  foramen  at  the  root  of 
the  transverse  process,  but  amongst  mammals  this  is  not 
an  invariable  character,  for  in  the  cetacea  the  transverse 
process  of  the  atlas  is  imperforate,  and  in  the  horse, 
ruminants,  and  many  quadrumana,  the  seventh  cervical 
vertebra  has  no  foramen  at  the  root  of  its  transverse 
process. 

The  Dorsal  Vertebrae,  more  appropriately  called  costal  or 
thoracic,  are  twelve  in  number  in  the  human  spine ;  but 
amongst  mammals  they  range  from  eleven  in  the  arma- 
dUlo  to  twenty-two  in  the  Cape  hyrax  and  Hoffmann's 
sloth.  They  are  intermediate  in  size  and  position  to  the 
cervical  and  lumbar  vertebrae,  and  are  all  distinguished 
by  having  one  or  two  smooth  surfaces  on  each  side  of 
the  body  for  articulation  with  the  head  of  one  or  two 
ribs.  The  arch  is  short  and  with  imbricated  laminae  ;  the 
ring  is  nearly  circular  ]  the  spine  is  oblique,  elongated, 
and  bayonet-shaped  ;  the  transverse  processes  are  directed 
back  and  out,  not  bifid,  and  with  an  articular  surface  in 
front  for  the  tubercle  of  a  rib ;  and  the  articular  processes 
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are  flat  and  nearly  vertical.  The  first,  twelfth,  eleventh, 
tenth,  and  sometimes  the  ninth,  dorsal  vertebrae  are  dis- 
tinguished from  the  rest.  The  first  is  in  shape  like  the 
seventh  cervical,  but  has  no  foramen  at  the  root  of  the 
transverse  process,  and  has  two  articular  facets  on  each 
side  of  the  body ;  the  ninth  has  sometimes  only  one  facet 
at  the  side  of  the  body ;  the  tenth,  eleventh,  and  twelfth 
have  invariably  only  a  single  facet  on  the  side  of  the  body, 
but  the  eleventh  and  twelfth  have  stunted  transverse 
processes,  and  the  twelfth  has  its  lower  articular  processes 
shaped  like  those  of  a  lumbar  vertebra. 

The  Lumbar  Vertebra  in  man  are  five  in  number,  but 
amongst  mammals  they  range  from  two  in  the  platypus  to 
eight  in  the  hyrax  or  agouti.    They  are  the  lowest  of  the 
true  vertebrae,  and  also  the  largest,  especially  in  the  body. 
The  arch  has  short  and  deep  laminae;  the  ring  is  triangular; 
the  spine  is  massive  and  hatchet-shaped;  the  transverse 
processes  are  long  and  pointed ;  the  articular  are  thick 
and  strong,  the  superior  pair  concave,  the  inferior  con- 
vex ;  the  inferior  notches,  as  in  the  dorsal  vertebrae,  are 
deeper  than  the  superior.    In  the  Imubar  vertebra  and  in 
the  lower  dorsal  an  accessory  process  projects  from  the  base 
of  each  transverse  process,  and  a  mammillary  tubercle  from 
each  superior  articular  process.  In  man  these  are  small  and 
rudimentary ;  but  in  some  mammals,  as  the  kangaroo, 
armadillo,  and  scaly  ant-eater,  the  mammillary  tubercles 
are  large,  and  in  the  baboon,  dog,  cat,  and  beaver,  the 
accessory  processes  are  well  developed.    The  fifth  limabar 
vertebra  has  its  body  much  thicker  in  front  than  behind; 
its  spine  is  less  massive,  and  its  lower  articular  processes 
are  flat. 
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The  Sacrum  is  composed  of  five  originally  separate 
vertebrte  fused  into  a  single  bone.  In  the  bandicoot  it 
consists  of  a  single  vertebra,  whilst  it  has  as  many  as  eight 
in  the  armadillo.  The  relative  size  and  completeness  of  the 
sacrum  are  associated  with  the  development  of  the  haunch 
bones  and  of  the  lower  limbs.  In  whales,  where  the  pelvic 
bones  are  rudimentary  and  there  are  no  hind  limbs,  there 
is  no  sacrum.  The  sacrum  forms  the  posterior  wall  of  the 
pelvis,  is  triangular  in  form,  and  possesses  two  surfaces,  two 
borders,  a  base,  and  an  apex.  The  anterior  or  pelvic  surface 
is  concave,  and  is  marked  by  four  transverse  lines,  which 
indicate  its  original  subdivision  into  five  bones,  and  by  four 
pairs  of  foramina,  through  which  are  transmitted  the 
anterior  sacral  nerves.  Its  posterior  surface  is  convex;  in 
the  middle  line  are  tubercles  or  rudimentary  spines,  and  on 
each  side  of  these  are  two  rows  of  tubercles,  the  inner  of 
which  are  the  conjoined  articular  and  mammiUary  pro- 
cesses, the  outer  the  transverse  processes  of  the  originally 
distinct  vertebrae ;  in  addition,  four  pairs  of  foramina  are 
found  which  transmit  the  posterior  sacral  nerves  from  the 
sacral  canal,  which  extends  through  the  bone  from  base  to 
apex,  and  forms  the  lower  end  of  the  spinal  canal.  By  its 
borders  the  sacrum  is  articulated  with  the  haunch-bones — 
by  its  base  with  the  last  lumbar  vertebra,  by  its  apex  with 
the  coccyx.  The  human  sacrum  is  broader  in  proportion 
to  its  length  than  in  other  mammals ;  this  great  breadth 
gives  solidity  to  the  lower  part  of  the  spine,  and,  conjoined 
with  the  size  of  the  lateral  articular  surfaces,  it  permits 
a  more  perfect  junction  with  the  haunch-bones,  and  is 
correlated  with  the  erect  position.  Owing  to  the  need  in 
woman  for  a  wide  pelvis,  the  sacrum  is  broader  than  in  man. 
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The  Coccyx  consists  of  only  four  vertebra  in  the  human 
spine.  It  is  the  rudimentary  tail,  but  instead  of  projecting 
back,  as  in  mammals  generally,  is  curved  forwards,  and  is 
not  visible  externally,  an  arrangement  which  is  also  found 
in  the  anthropoid  apes  and  in  Hoffmann's  sloth.  In  the 
spider  monkeys  as  many  as  thirty-three  vertebrae  are  found 
in  the  tail,  and  in  the  long-tailed  pangolin  the  number 
reaches  forty-six.  Not  only  is  the  tail  itself  rudimentary 
in  man,  but  the  vertebrae  of  which  it  is  composed  are 
small,  and  represent  merely  the  bodies  of  the  true  vertebrae. 
As  there  are  no  arches,  the  ring  is  not  formed,  and  the 
spinal  canal  does  not  extend,  therefore,  beyond  the  apex  of 
the  sacrum.  The  first  coccygeal  vertebra,  in  addition  to  a 
body,  possesses  two  processes  or  horns,  which  are  jointed 
with  two  corresponding  processes  from  the  last  sacral 
vertebra. 

The  Human  Spine  is  more  uniform  in  length  in  persons 
of  the  same  race  than  might  be  supposed  from  the  indi- 
vidual differences  in  stature,  the  variation  in  the  height  of 
the  body  in  adults  being  due  chiefly  to  differences  in  the 
length  of  the  lower  limbs.  The  average  length  of  the 
spine  is  28  inches ;  its  voidest  part  is  at  the  base  of  the 
sacrum,  from  which  it  tapers  down  to  the  tip  of  the  coccyx. 
It  diminishes  also  in  breadth  from  the  base  of  the  sacrum 
upwards  to  the  region  of  the  neck.  OT\ing  to  the  pro- 
jection of  the  spines  behind  and  the  transverse  processes 
on  each  side,  it  presents  an  irregular  outline  on  those 
aspects;  but  in  front  it  is  more  uniformly  rounded,  owing 
to  the  convex  form  of  the  antero-lateral  surfaces  of  the 
bodies  of  its  respective  vertebras.  In  its  general  contour 
two  series  of  curves  may  be  seen,  an  antero-posterior  and 
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a  lateral.     The  antero-posterior  is  the  more  important. 
In  the  infant  at  the  time  of  birth  the  sacro-coccygeal 
part  of  the  spine  is  concave  forwards,  but  the  rest  of 
the  spine,  except  a  slight  forward  concavity  in  the  series 
of  dorsal  vertebrae,  is  almost  straight.    When  the  infant 
begins  to  sit  up  in  the  arms  of  its  nurse,  a  convexity  for- 
wards in  the  region  of  the  neck  appears,  and  subsequently, 
as  the  child  learns  to  walk,  a  convexity  forwards  in  the 
region  of  the  loins.     Hence  in  the  adult  spine  a  series 
of  convexo-concave  cm-ves  are  found,  which  are  alternate 
and  mutually  dependent,  and  are  associated  with  the  erect 
attitude  of  man.     In  the  human  spine  alone  are  the 
lumbar  vertebrae  convex  forward.    A  lateral  curve,  convex 
to  the  right,  opposite  the  third,  fourth,  and  fifth  dorsal 
vertebrae,  with  compensatory  curve  convex  to  the  left 
immediately  above  and  below,  is  due  apparently  to  the 
much  greater  use  of  the  muscles  of  the  right  arm  over 
those  of  the  left,  drawing  the  spine  in  that  region  some- 
what to  the  right.    In  disease  of  the  spine  its  natural 
curvatures  are  much  increased,  and  the  deformity  known 
as  humpback  is  produced.    As  the  spine  forms  the  central 
part  of  the  axial  skeleton,  it  acts  as  a  coliunn  to  support 
not  only  the  weight  of  the  body,  but  of  aU  that  can  be 
carried  on  the  head,  back,  and  in  the  upper  limbs  :  by  its 
transverse  and  spinous  processes  it  serves  also  to  give 
attachment  to  numerous  muscles,  and  the  transveree  pro- 
cesses of  its  dorsal  vertebrae  are  also  for  articulation  with 
the  ribs. 
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THORAX. 

The  Thorax,  Pectus,  or  Chest  is  a  cavity  or  enclosure 
the  walls  of  which  are  in  part  formed  of  bone  and  cartilage. 
Its  skeleton  consists  of  the  sternum  in  front,  the  twelve 
dorsal  vertebrae  behind,  and  the  twelve  ribs,  with  their 
corresponding  cartUages,  on  each  side. 

The  Sternum  or  Breast  Bone  is  an  elongated  bone 
which  inclines  downwards  and  forwards  in  the  front  wall 
of  the  chest.  It  consists  of  three  parts— an  upper,  called 
manubrium  or  prse-sternum ;  a  middle,  the  body  or  meso- 
sternum;  and  a  lower,  the  ensiform  process  or  xiphi- 
sternum.  Its  anterior  and  posterior  surfaces  are  marked 
by  transverse  lines,  which  indicate  not  only  the  subdivision 
of  the  entire  bone  into  three  parts,  but  that  of  the  meso- 
sternum  iato  four  originally  distinct  segments.  Each 
lateral  border  of  the  bone  is  marked  by  seven  depressed 
surfaces  for  articulation  with  the  seven  upper  ribs  :  at  each 
side  of  the  upper  border  of  the  pras-sternum  is  a  sinuous 
depression,  where  the  clavicle,  a  bone  of  the  upper  limb, 
articulates  with  this  bone  of  the  axial  skeleton.  The 
xiphi-sternum  remains  cartilaginous  up  to  a  late  period  of 
life,  and  from  its  pointed  form  has  been  named  the  ensi- 
form cartilage. 

The  Ribs  or  Costse,  twenty-four  in  number,  twelve  on 
each  side  of  the  thorax,  consist  not  only  of  the  bony  ribs, 
but  bt  a  bar  of  cartUage  continuous  with  the  anterior  end 
of  each  bone,  caUed  a  costal  cartilage,  so  that  they  furnish 
examples  of  a  cartilaginous  skeleton  in  the  adult  human 
body;  in  aged  persons  these  cartilages  usually  become 
converted  into  bone.    The  upper  seven  ribs  are  connected 
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by  their  costal  cartilages  to  the  side  of  the  sternum, 
and  are  called  sternal  or  true  ribs ;  the  lower  five  do  not 
reach  the  sternum,  and  are  named  asternal  or  false,  and 
of  these  the  two  lowest,  from  being  unattached  in  front, 
are  called  free  or  floating.  AH  the  ribs  are  articulated 
behind  to  the  dorsal  vertebrag,  and  as  they  are  sym- 
metrical on  the  two  sides  of  the  body,  the  ribs  in  any 
given  animal  are  always  twice  as  numerous  as  the  dorsal 
vertebrae  in  that  animal  They  form  a  series  of  osseo- 
cartilaginous arches,  which  extend  more  or  less  perfectly 
around  the  sides  of  the  chest.  A  rib  is  an  elongated  bone, 
and  as  a  rule  possesses  a  head,  a  neck,  a  tubercle,  and  a 
shaft.  The  head  usually  possesses  two  articular  surfaces, 
and  is  connected  to  the  side  of  the  body  of  two  adjacent 
dorsal  vertebra ;  the  neck  is  a  constricted  part  of  the 
bone,  uniting  the  head  to  the  shaft ;  the  tubercle,  close  to 
the  junction  of  the  shaft  and  neck,  is  the  part  which  articu- 
lates with  the  transverse  process  of  the  vertebra.  The 
shaft  is  compressed,  possesses  an  inner  and  outer  surface, 
and  an  upper  and  lower  border,  but  from  the  shaft  being 
somewhat  twisted  on  itself,  the  direction  of  the  surfaces 
and  borders  is  not  uniform  throughout  the  length  of  the 
bone.  The  ribs  slope  from  their  attachments  to  the  spine, 
at  first  outwards,  downwards,  and  backwards,  then  down- 
wards and  forwards,  and  where  the  curve  changes  from 
the  backward  to  the  forward  direction  an  angle  is  formed 
on  ^  the  rib.  The  first,  tenth,  eleventh,  and  twelfth  ribs 
articulate  each  with  only  a  single  vertebra,  so  that  only  a 
single  surface  exists  on  the  head  :  the  surfaces  of  the  shaft 
of  the  first  rib  are  almost  horizontal ;  those  of  the  second 
very  obKque;  the  eleventh  and  twelfth  ribs  are  rudi- 


20 


ANATOMY, 


mentary,  have  neither  neck  nor  tubercle,  and  are  pointed 
anteriorly.  The  ribs  are  by  no  means  uniform  in  length  : 
they  increase  from  the  first  to  the  seventh  or  eighth,  and 
then  diminish  to  the  twelfth;  the  first  and  twelfth  are 
therefore  the  shortest  ribs.  The  first  and  second  costal 
cartilages  are  almost  horizontal,  but  the  others  are  directed 
upwards  and  inwards. 

In  its  general  form  the  chest  may  be  likened  to  a  trun- 
cated cone.  It  is  rounded  at  the  sides  and  flattened  in 
front  and  behind,  so  that  a  man  can  lie  either  on  his  back 
or  his  belly.  Its  truncated  apex  slopes  downwards  and 
forwards,  is  small  in  size,  and  allows  of  the  passage  of  the 
windpipe,  gullet,  large  veins,  and  nerves  into  the  chest, 
and  of  several  large  arteries  out  of  the  chest  into  the  neck. 
The  base  or  lower  boundaiy  of  the  cavity  is  much  larger 
than  the  apex,  slopes  downwards  and  backwards,  and  is 
occupied  by  the  diaphragm,  a  muscle  which  separates  the 
chest  from  the  cavity  of  the  abdomen.  The  transverse 
diameter  is  greater  than  the  antero-posterior,  and  the  antero- 
posterior is  greater  laterally,  where  the  lungs  are  lodged, 
than  in  the  mesial  plane,  which  is  occupied  by  the  heart. 


HEAD. 

The  Head  foi-ms  the  summit  of  the  axial  part  of  the 
body.  It  consists  of  two  portions — the  Cranium  and  the 
Face. 

The  Skull,  or  skeleton  of  the  head,  is  composed  of  22 
bones,  8  of  which  form  the  skeleton  of  the  cranium,  14 
that  of  the  face.  Except  the  lower  jaw,  which  is  move- 
able, the  bones  are  all  finnly  united  by  immovable  joints. 
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The  8  bones  of  tlie  cranium  are  so  united  together  by  their 
edges  as  to  form  the  walls  of  a  box  or  cavity,  the  cranial 
cavity,  in  which  the  brain  is  lodged.  The  box  of  the 
cranium  possesses  a  base  or  floor,  a  vault  or  roof,  an 
anterior,  a  posterior,  and  two  lateral  walls.  The  posterior 
wall  is  formed  by  the  occipital  bone,  which  also  extends 
for  some  distance  forwards  along  the  middle  of  the  base; 
in  front  of  the  basal  part  of  the  occipital  is  the  sphenoid, 
which  also  sends  a  jirocess  upwards  on  each  side  of  the 


Fig.  6.— Profile  of  the  skull.  Fr,  frontal  bone;  Pa,  parietal;  SO,  supra-occipital; 
f>q,  squamous-temporal;  MT,  mastoid-temporal ;  Ty,  tympanic;  St,  stylold- 
temporal;  As,  ali-splienoid ;  E,  os  planum  of  ethmoirt ;  L,  liichrymal ;  N, 
nasal;  Mx,  superior  maxilla;  Ma,  malar;  Mn,  mandible;  bli,  basi-hyal; 
7.1.  lT-7,  ' cei'ato-'iyil;  cm,  external  meatus;  cs,  coronal  suture; 
«,  lambdoidal  suture;  M,  squamous  suture. 

skull;  in  front  of  the  basal  part  of  the  sphenoid  is  the 
ethmoid;  mounting  upwards  in  front  of  the  ethmoid  is  the 
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frontal,  whicli  forms  the  forehead,  and  closes  in  the  front 
of  the  cranial  box;  forming  the  vault  and  side  walls  are 
the  two  parietal  bones;  completing  the  side  walls,  and 
extending  for  a  short  distance  along  the  side  of  the  floor, 
are  the  two  temporal  bones;  the  vertex  of  the  skull  is  at 
the  junction  of  the  two  parietal  bones  with  each  other. 


Fig  7 -Section  through  the  skuU  immediately  to  the  right  of  the  mesial  plane. 
The  lettering  as  in  Fig.  6,  with,  in  addition,  BO,  basi-occipital ;  EO,  ex-occipital^ 
PT  petions-temporal ;  BS,  basi-sphenoid;  PS,  pre-splienoid  (the  letters  are  placed 
In  the  sphenoidal  sinus);  OS,  orbito-spheiioid ;  ME,  mes-ethmoid;  SO,  septa 
caitilage  of  nose;  V,  vomer;  PI,  palate;  Pt,  pterygoid  of  sphenoid;  A  frontal 
sinus;  «,  pituitary  fossa;  fm,  foramen  magnum;  a,  angle;  and  s,  symphysis 
of  lower  jaw. 

The  fourteen  bones  of  the  face,  which  are  situated  below 
and  in  front  of  the  cranium,  enter  into  the  formation  of  the 
walls  of  cavities  which  open  on  the  front  of  the  face;  thus 
they  complete,  along  with  the  frontal,  sphenoid,  and  ethmoid, 
the  waUs  of  the  two  orbits  in  which  the  eye-baUs  are 
lodged;  along  with  the  ethmoid  and  sphenoid,  the  walls  of 
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the  nostrils;  and  they  form  the  osseous  walls  of  the  mouth. 
As  a  general  rule,  the  cranial  bones  are  expanded,  and  plate- 
like in  form.  The  outer  surface  of  each  bone  assists  in 
forming  the  exterior  of  the  cranium,  and  not  unfrequently 
is  marked  by  ridges  or  processes  for  the  attachment  of 
muscles.  The  inner  surface,  again,  is  smooth,  and  pitted 
with  depressions,  in  which  the  convolutions  of  the  brain 
are  lodged,  and  also  marked  by  grooves  for  the  lodgment 
of  dilated  veins  called  blood  sinuses,  and  of  arteries  termed 
meningeal  The  two  surfaces  of  a  cranial  bone,  dense  in 
structure,  are  called  its  tables,  outer  and  inner,  and  are 
separated  from  each  other  by  bone,  looser  and  more  spongy 
in  its  texture,  called  the  diploe.  In  some  localities,  more 
especially  in  certain  of  the  bones  which  form  the  walls 
of  the  nostrils,  the  diploe  disappears,  and  comparatively 
wide  interspaces  separate  the  two  tables,  which  contain  air 
and  are  called  air-sinuses.  The  margins  of  the  bones  are 
dentictdated,  and  it  is  by  the  interlocking  of  the  denticula- 
tions  of  adjacent  bones  that  they  are  jointed  together,  the 
joints  being  named  sutures.  The  bones  are  pierced  by 
holes  or  foramina,  and  similar  holes  exist  between  the 
adjacent  margins  of  some  of  the  bones.  These  foramina 
are  mostly  situated  in  the  floor  of  the  skull;  they  transmit 
arteries  into  the  cranial  cavity  to  supply  the  brain  and 
the  inner  table  with  blood,  and  veins  and  nerves  out  of 
the  cavity.  The  largest  of  these  holes  is  called  foramen 
magnum.  It  lies  in  the  occipital  bone,  immediately  above 
the  ring  of  the  atlas;  through  it  the  spinal  marrow  becomes 
continuous  with  the  brain,  and  the  vertebral  arteries  pass 
to  supply  the  brain  with  blood. 

The  Occipital,  or  bone  of  the  Back  of  the  Head  (Figs.  6 
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and  7),  consists  of  four  originally  distinct  pieces  fused  into 
a  curved  plate-like  bone.  Its  subdivisions  are  arranged 
around  the  foramen  magnum  —  the  basilar  part,  basi- 
occipital,  in  front;  the  condyloid  parts,  ex-occipitals,  one  on 
each  side ;  and  the  tabular  part,  or  supra-occipital,  behind. 
The  anterior  surface  of  the  supra-occipital  is  sub-divided 
into  four  fossse,  in  the  two  upper  of  which  are  lodged  the 
occipital  lobes  of  the  cerebrum,  in  the  two  lower  the  cere- 
bellum ;  the  upper  and  lower  pairs  of  fossse  are  separated 
by  a  transverse  groove  for  the  lodgment  of  the  lateral 
venous  sinus.  The  posterior  surface  is  marked  by  a  pro- 
tuberance and  by  two  curved  lines  for  the  attachment  of 
muscles;  by  its  margin  the  supra-occipital  articulates  with 
the  parietal  and  temporal  bones.  Each  ex-occipital  has 
on  its  under  surface  a  smooth  condyle  for  articulation 
with  the  atlas;  in  froiit  of  the  condyle  is  a  foramen  which 
transmits  the  last  or  ninth  cranial  nerve,  called  hypoglossal, 
and  behind  it  a  foramen  for  the  transmission  of  a  vein 
sometimes  exists.  The  basi-occipital  articulates  and,  in 
the  adult  skuU,  is  fused  with  the  body  of  the  sphenoid 
(Fig.  7).  The  upper  surface  of  the  basi-occipital  is  grooved 
for  the  lodgment  of  the  meduUa  oblongata. 

Sometimes  the  part  of  the  supra-occipital  situated  above 
the  protuberance  and  upper  curved  line  ossifies  as  an  inde- 
pendent bone,  called  interparietal.  In  some  mammals,  as 
the  sheep,  the  existence  of  an  interparietal  in  the  young 
skuU  is  the  rule  and  not  the  exception. 

The  Sphenoid  or  Wedge-shaped  bone  (Fig.  7)  lies 
at  the  base  of  the  skuU ;  it  articulates  behind  -with  the 
occipital;  in  front  it  is  jointed  to  the  ethmoid  and  frontal, 
and  by  its  lateral  processes  or  wings  to  the  frontal,  parietal, 
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and  temporal  bones,  From  its  position,  therefore,  it  binds 
together  all  the  bones  of  the  cranium,  and,  moreover, 
articulates  with  many  of  those  of  the  face.  For  con- 
structive purposes  it  is  the  most  important  bone  of  the 
head.  It  consists  of  a  centrum  or  body,  with  which  four 
pairs  of  processes  are  connected.  The  body  has  a  deep 
depression  on  its  upper  surface,  compared  in  shape  to  a 
Turkish  saddle,  in  which  is  lodged  the  pituitary  body; 
hence  it  is  called  intuitary  fossa.  In  front  of  this  fossa 
is  a  ridge  which  marks  the  place  of  union  of  the  pre-  and 
fost-splienoiclal  subdivisions  of  the  body  of  this  bone;  the 
body  is  grooved  laterally  for  the  internal  carotid  artery 
and  the  cavernous  blood  sinuses,  and  it  is  hoUowed  out  in 
its  interior  to  form  the  sphenoidal  air-sinuses:  these  air- 
sinuses  are  partially  closed  in  front  by  a  pair  of  small  bony 
plates  called  sphenoidal  spongy  hones,  or  bones  of  Bertin. 
Behind  the  pituitary  fossa  is  a  pair  of  processes  caUed 
posterior  clinoid,  from  which  the  bone  slopes  back  to  the 
basi-occipital;  this  slope  is  called  the  dorsum  sellce,  and  on 
it  rests  the  pons  VaroUi.  From  the  posterior  part  of  each 
side  of  the  body  the  great  wings,  or  ali-sphenoids,  pass 
outwards  and  upwards  to  the  sides  of  the  skull,  and  each 
sends  off  a  plate-like  process  to  enter  into  the  formation 
of  the  outer  wall  of  the  orbit.  From  the  anterior  part  of 
each  side  of  the  body  the  lesser  wings,  orhito-sphenoids, 
pass  outwards,  and  assist  in  forming  the  roof  of  each  orbit; 
each  orbito-sphenoid  ends  internally  in  a  knob-Hke  process 
called  anterior  clinoid,  and  at  its  root  is  a  foramen  called 
optic,  which  transmits  the  second  nerve,  or  nerve  of  sight, 
into  the  orbit.  From  the  great  wings  on  each  side,  close 
to  Its  junction  with  the  body,  a  pair  of  pterygoid  processes, 
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called  internal  and  external,  project  downwards,  and  the 
internal  process  ends  in  a  slender  hook  termed  the  hamular 
process.  The  ali-sphenoid  is  pierced  by  foramina  called 
rotundum,  ovale,  and  spinosum,  the  two  former  of  which 
transmit  the  second  and  third  divisions  of  the  fifth  cranial 
nerve,  the  last  the  middle  meningeal  artery  to  the  mem- 
branes of  the  brain;  between  the  orbito-  and  ali-sphenoids 
is  the  sphenoidal  fissure  which  transmits  the  third,  fourth, 
sixth  nerves,  and  first  division  of  the  fifth  cranial  nerve 
into  the  orbit;  and  at  the  root  of  the  pterygoid  processes 
is  the  vidian  canal,  for  the  transmission  of  a  nerve  of  the 
same  name. 

The  Ethmoid,  or  Sieve-like  bone  (Fig.  7),  is  situated 
between  the  two  orbital  plates  of  the  frontal,  and  in  front 
of  the  body  of  the  sphenoid.  It  is  cuboidal  in  shape,  and 
is  composed  of  a  central  portion  and  two  lateral  masses, 
which  are  connected  together  by  a  thin  horizontal  plate 
pierced  with  holes  Uke  a  sieve,  and  called  cribriform. 
This  cribriform  plate  forms  a  part  of  the  floor  of  the  cranial 
cavity ;  on  it  rest  the  two  olfactory  bulbs,  and  the  branches 
of  the  nerves  of  smell,  called  olfactory  or  first  cranial  nerves, 
pass  from  the  bulbs  through  the  holes  in  this  plate  into  the 
nose.  The  central  portion  of  the  bone  (mes-ethvioid)  is  a 
mesial  perpendicular  plate ;  it  forms  a  part  of  the  nasal  sep- 
tum and  the  process  above  the  cribriform  plate  named  crista 
gain.  Each  lateral  mass  consists  of  an  external  smooth 
plate,  OS  planum,  which  assists  in  forming  the  inner  wall  of 
the  orbit;  and  an  internal  convoluted  part,  called  siiperior 
and  middle  spongy  bones  or  turbinals,  which  enter  into  the 
formation  of  the  outer  wall  of  the  nostril.  These  turbinals 
are  associated  with  the  distribution  of  the  nerves  of  smell; 
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in  the  toothed  whales,  where  there  are  no  olfactory  nerves, 
the  turbinals  are  absent,  whilst  in  some  mammals,  as  the 
crested  seal,  they  assume  a  highly  convoluted  form.  The 
lateral  masses  are  hoUowed  out  into  air-sinuses,  called  eth- 
moidal cells,  which  communicate  with  the  nostrils  and  with 
corresponding  sinuses  in  the  sphenoid  and  frontal  bones. 

The  Frontal,  or  bone  of  the  Forehead  (Figs.  6  and  7), 
consists  originally  of  a  right  and  left  lateral  half,  imited 
by  the  frontal  suture  in  the  middle  line  of  the  forehead. 
As  a  rule,  this  suture  disappears  in  early  life,  and  a  single 
greatly  curved  bone  is  formed.  The  bone  is  convex  for- 
wards, to  form  the  rounded  forehead,  and  presents  two 
eminences,  the  centres  of  ossification  of  the  bone  j  at  the 
root  of  the  nose  is  an  elevation  called  glabella,  extending 
outwards,  from  which,  on  each  side,  is  the  miira-ciliary 
ridge,  corresponding  to  the  position  of  the  eyebrow.  In 
the  crania  of  some  races,  e.g.,  the  Australian,  the  forward 
projection  of  the  glabella  and  supra-ciliary  ridges  is  con- 
siderable ;  and  in  the  well-known  skull  from  the  vaUey  of 
the  Neander  it  has  reached  a  remarkable  size.  These 
ridges  and  the  glabella  mark  the  position  of  the  air-sinuses 
in  the  frontal  bone.  The  upper  border  of  each  orbit,  which 
ends  internally  and  externally  in  a  process  of  bone  called 
angular,  forms  the  lower  boundary  of  the  forehead.  The 
cerebral  surface  of  the  bone  is  deeply  concave,  for  the 
reception  of  the  frontal  lobes  of  the  brain  ;  the  concavity 
is  deepened  by  the  backward  projection  of  two  thin  plates 
of  bone  which  form  the  roofs  of  the  orbits,  which  plates 
are  separated  from  each  other  by  the  deep  notch  in  which 
the  ethmoid  bone  is  lodged ;  along  the  margins  of  this 
notch  may  be  seen  the  openings  into  the  frontal  air-sinuses. 
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Tlie  Parietal  bones,  two  in  number  (Figs.  6  and  7), 
form  the  greater  part  of  the  side  wall  of  the  skull,  and 
mount  upwards  to  the  vertex,  where  they  unite  together 
along  the  line  of  the  sagittal  suture.  Each  bone  possesses 
about  the  centre  of  its  outer  surface  an  eminence,  the 
centre  of  ossification  of  the  bone,  with  which  a  hollow  on 
the  cerebral  surface,  lodging  a  convolution  of  the  parietal 
lobe  of  the  brain,  corresponds.  The  bone  is  quadrilateral 
in  form.  Three  of  its  margins  are  strongly  denticulated, 
for  junction  with  the  occipital,  frontal,  and  corresponding 
parietal ;  the  fourth  is  scale-hke,  for  union  with  the  tem- 
poral, and  forms  the  squamous  suture ;  near  the  upper 
margin  on  the  cerebral  surface  is  a  groove  for  the  lodgment 
of  the  superior  longitudinal  venous  sinus.  The  anterior 
inferior  angle  articulates  with  the  ali-sphenoid,  and  is 
marked  by  a  groove  for  the  middle  meningeal  artery;  the 
posterior  inferior  is  grooved  for  the  lateral  venous  sinus, 
and  articulates  with  the  mastoid  of  the  temporal. 

The  Temporal  bones,  two  in  number  (Figs.  6  and  7), 
are  placed  at  the  side  and  base  of  the  skull,  and  are 
remarkable  for  containing  in  their  interior  the  organs 
of  hearing.  Each  bone  consists  originally  of  four  sub- 
divisions— a  squamoso-zygomatic,  a  tympanic,  a  petro- 
mastoid,  and  a  styloid — ^which  in  course  of  time  fuse 
together  to  form  an  irregular-shaped  bone.  The  squamous 
part  of  the  squamoso-zygomatic  is  a  thin  plate  which  forms 
that  part  of  the  side  of  the  skull  familiarly  known  as  the 
"temple."  The  zygoma  extends  horizontally  forwards  ?:as 
a  distinct  arched  process,  to  join  the  malar  or  cheek-bone. 
At  the  root  of  the  zygoma  is  a  smooth  fossa,  called  glenoid, 
which  receives  the  condyle  of  the  lower  jaw,  and  assists  in 
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forming  the  temporo-maxillary  joint.  The  tympanic  portion 
forms  in  the  foetus  a  ring,  which  enlarges  subsequently  into 
a  curved  plate  that  forms  the  waU  of  the  external  auditory 
meatus,  or  passage  into  the  tympanum  or  middle  ear.  The 
tympanic  and  squamoso-zygomatic  parts  of  the  bone  fuse 
together;  but  a  fissure,  called  Glaserian,  situated  behind 
the  glenoid  fossa,  marks  their  original  separation ;  in  this 
fissure  the  slender  process  of  the  malleus  (one  of  the  bones 
of  the  tympanum)  is  lodged.  The  petro-mastoid  or  periotic 
part  of  the  temporal  contains  the  organ  of  hearing,  and  is 
complicated  in  its  internal  anatomy.  It  extends  forwards 
and  inwards  along  the  floor  of  the  skull,  and  forms  on  the 
exterior  of  the  skull  the  large  nipple-shaped  mastoid  pro- 
cess. This  process  is  rough  on  its  outer  surface,  for  the 
attachment  of  muscles,  and  is  hollowed  out  internally  into 
the  mastoid  cells  or  air-sinuses,  which  communicate  with 
the  tympanum  or  middle  ear.  The  petrous-temporal  is 
distinguished  by  its  stony  hardness,  and  has  the  form  of  a 
three-sided  pyramid.  Its  apex  lies  in  relation  to  the  side 
of  the  body  of  the  sphenoid ;  its  base  corresponds  to  the 
tympanic  cavity  and  external  meatus ;  its  under  surface  is 
rough,  and  forms  a  part  of  the  under  surface  of  the  skull ; 
its  anterior  and  posterior  surfaces  are  smooth  and  in  rela- 
tion to  certain  parts  of  the  brab.  The  petrous  part  of  the 
bone  is  traversed  by  a  canal  which  transmits  the  internal 
carotid  artery  and  sympathetic  nerve  into  the  cranial 
cavity;  in  its  posterior  surface  is  a  passage,  internal 
meatus,  down  which  the  seventh  cranial  nerve  proceeds; 
at  the  bottom  of  the  meatus  the  auditory  part  of  that 
nerve  enters  the  internal  ear,  whilst  the  part  of  the  nerve 
which  goes  to  the  muscles  of  the  face  traverses  a  canal  in 
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the  bone,  called  aqueduct  of  FaUopius,  wHcli  ends  ex- 
ternally, between  the  styloid  and  mastoid  processes,  in  the 
stylomastoid  foramen.  The  styloid  process  is  a  slender  part 
of  the  bone  which  projects  downwards  from  the  tympanic 
plate,  and  is  connected  with  the  small  cornu  of  the  hyoid 
bone  by  the  stylo-hyoid  ligament.  It  does  not  unite  with 
the  rest  of  the  bone  untO.  a  comparatively  late  period. 
Between  the  petrous -temporal  and  ex -occipital  is  the 
jugular  foramen,  which  transmits  out  of  the  skull  the 
eighth  cranial  nerve  and  the  internal  jugular  vein. 

The  fourteen  bones  of  the  Face  rule,  much 

smaller  than  those  of  the  Cranium ;  some  have  the  form 
of  thin  scales,  others  are  more  irregular  in  shape.  They 
are  named  as  follows  :  —  Two  superior  maxillary,  two 
palate,  two  malar,  two  nasal,  two  lachrymal,  two  inferior 
turbinal,  a  vomer,  and  an  inferior  maxilla. 

The  Superior  Maxillae,  or  bones  of  the  Upper  Jaw 
(Figs.  6  and  7,)  form  the  skeleton  of  a  large  part  of  the 
face,  and  enter  into  the  formation  of  the  walls  of  the 
cavities  of  the  nose,  mouth,  and  orbit ;  around  them  the 
other  bones  of  the  face  are  grouped.  The  facial  surface 
of  each  bone  presents  in  front  a  large  foramen  for  the 
transmission  of  the  infra-orbital  branch  of  the  fifth  cranial 
nerve,  and  behind,  several  small  foramina  for  the  trans- 
mission of  nerves  to  the  teeth  in  the  upper  jaw.  On  the 
same  surface  is  a  rough  process  for  articulation  with  the 
malar  bone.  The  orbital  surface  is  smooth,  forms  the 
floor  of  the  orbit,  and  possesses  a  canal  in  which  the  infra- 
orbital nerve  lies.  The  nasal  surface  forms  a  part  of  the 
outer  wall  and  floor  of  the  nostril,  and  presents  a  hole 
leading  into  a  large  hollow  in  the  substance  of  the  bone. 
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called  the  antmm,  or  superior  maxillary  air-sinus.  The 
nasal  surface  articulates  with .  the  inferior  turbinal  and 
palate  bones.  The  nasal  and  facial  surfaces  become  con- 
tinuous with  each  other  at  the  anterior  aperture  of  the 
nose,  and  from  them  a  strong  process  ascends  to  join  the 
frontal  bone  close  to  the  glabella ;  this  process  also  articu- 
lates with  the  lachrymal  and  nasal  bones.  The  palatal 
surface  forms  a  part  of  the  bony  roof  of  the  mouth,  and 
presents  in  front  a  smaU  hole  (the  incisive  foramen)  which 
communicates  with  the  nose.  In  the  sheep  and  many  other 
mammals  this  hole  is  of  large  size ;  the  palatal  surface  is 
bounded  externally  by  a  thick  elevated  border,  in  which 
are  the  sockets,  or  alveoli,  for  the  lodgment  of  the  fangs 
of  the  teeth;  internally  this  surface  articulates  by  a  narrow 
border  with  the  other  superior  maxilla  and  with  the  vomer, 
and,  posteriorly,  with  the  palate-bone. 

The  Palate-bone  (Fig.  7)  lies  in  contact  with  the 
inner  surface  and  posterior  border  of  the  superior 
maxilla,  and  separates  it  from  the  sphenoid.  It  is  in 
shape  not  unlike  the  capital  letter  L,  the  horizontal 
Hmb  forming  the  hinder  part  of  the  bony  roof  of  the 
mouth  by  its  lower  surface,  and  the  back  part  of  the  floor 
of  the  nose  by  its  upper.  The  ascending  limb  assists  in 
forming  the  outer  waU  of  the  nose,  and  subdivides  into 
an  anterior,  or  orbital,  and  a  posterior,  or  sphenoidal,  pro- 
cess. At  the  junction  of  the  two  limbs  is  the  pyramidal 
process,  which  articulates  with  the  lower  ends  of  the 
pterygoid  processes  of  the  sphenoid. 

The  Vomer  (Fig.  7),  shaped  like  a  ploughshare,  lies 
vertically  in  the  mesial  plane  of  the  nose,  and  forms  a 
large  part  of  the  partition  which  separates  one  nostril  from 
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the  other.  It  articulates  above  with  the  under  surface  of 
the  body  of  the  sphenoid  and  the  mes-ethmoid;  below 
with  the  palatal  processes  of  the  superior  maxillse  and 
palate-bones ;  in  front  with  the  septal  cartilage  of  the  nose, 
whilst  the  posterior  border  is  free,  and  forms  the  hinder 
edge  of  the  nasal  septum. 

The  Inferior  Turbinated  is  a  slightly  convoluted  bone 
situated  on  the  outer  wall  of  the  nose,  where  it  articulates 
with  the  superior  maxilla  and  palate  a  little  below  the 
middle  turbinal  of  the  ethmoid. 

The  Lachrymal  (Fig.  6)  is  a  small  scale-like  bone,  in 
shape  not  unlike  a  finger-naU,  placed  at  the  inner  wall 
of  the  orbit,  and  fitting  between  the  ethmoid,  superior 
maxilla,  and  frontal  bones.  It  has  a  groove  on  the  outer 
.surface,  in  which  is  lodged  the  lachrymal  sac. 

The  Nasal  (Fig.  6)  is  a  thin,  somewhat  elongated 
bone,  which,  articulating  with  its  feUow  in  the  middle 
line,  forms  with  it  the  bony  bridge  of  the  nose ;  above,  it 
articulates  with  the  frontal,  and  by  its  outer  border  with 
the  ascending  process  of  the  superior  maxilla. 

The  Malar  bone  (Fig.  6),  irregular  in  shape,  fonns  the 
prominence  of  the  cheek,  and  completes  the  outer  wall 
of  the  orbit.  It  rests  upon  the  superior  maxiUa ;  by  its 
orbital  plate  it  articulates  with  the  great  wing  of  the 
sphenoid  ;  by  its  ascending  process  with  the  external 
angular  process  of  the  frontal ;  by  its  posterior  process  with 
the  zygomatic  process  of  the  temporal,  so  as  to  complete 
the  zygomatic  arch. 

The  Inferior  MaxiUa,  Lower  Jaw,  or  Mandible  (Figs.  6 
and  7),  is  a  large  horse-shoe  shaped  bone,  which  has 
the  distinction  of  being  the  only  movable  bone  of  the 
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head.    It  consists  originally  of  two  separate  halves,  which 
unite  during  the  first  year  of  life  into  a  single  bone  at  the 
symphysis  or  chin.    A  characteristic  feature  of  the  human 
lower  jaw  is  the  forward  slope  of  the  bone  at  the  chin,  for 
in  other  mammals  the  symphysis  inclines  backwards.  In 
the  upper  border  of  this  bone  are  the  sockets  for  the  lower 
series  of  teeth.    At  the  posterior  end  of  the  horse-shoe 
curve  on  each  side  the  bone  ascends  almost  vertically,  and 
terminates  in  two  processes — an  anterior,  or  coronoid, 
which  is  for  the  insertion  of  the  temporal  muscle,  and  a 
posterior,  or  condyle,  which  is  for  articulation  with  the  glen- 
oid fossa  of  the  temporal  bone.    Where  the  ascending  and 
horizontal  limbs  of  the  bone  are  continuous,  it  forms  the 
angle,  which  is  almost  a  right  angle.  On  the  inner  surface 
of  the  ascending  limb  is  a  large  foramen,  communicating 
with  a  canal  which  traverses  the  bone  below  the  sockets 
for  the  teeth.    In  this  canal  are  lodged  the  nerves  and 
blood-vessels  for  these  teeth. 

The  Hyoid  bone  Ues  in  the  neck,  a  little  below  the 
lower  border  of  the  inferior  maxilla  (Figs.  6  and  7).  It 
is  shaped  like  the  letter  U,  and  consists  of  a  body,  or  hasi- 
hyal,  from  which  two  long  horns,  or  stylo-hyals,  project 
backwards.  At  the  junction  of  the  body  and  horns  two 
smaUer  cornua,  or  cerato-hyals,  project  upwards,  and  are 
connected  with  the  styloid  processes  of  the  temporal  bones, 
or  stylo-hyals,  by  the  stylo-hyoid  ligaments,  or  epi-hyals. 
The  hyoid  is  the  bone  from  which  the  muscles  of  the  tongue 
anse,  and  it  is  situated  immediately  above  the  thyroid 
cartilage  of  the  larynx,  to  which  it  is  attached  by  ligaments. 

In  its  general  form  the  SkuU  is  ovoid,  with  the  long 
axis  extending  antero-posteriorly,  the  frontal  and  occipital 
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ends  rounded,  and  the  sides  somewhat  flattened.  Its 
average  length  in  the  people  of  the  British  Islands  is  a 
little  more  than  7  inches ;  its  greatest  breadth  about  5.^ 
inches;  and  its  height,  from  the  plane  of  the  foramen 
magntmi  to  the  vertex,  about  5|  inches.  Its  greatest 
circumference  is  about  21  inches.  The  breadth  of  the 
face  across  the  zygomatic  arches  is  about  5  inches.  The 
average  capacity  of  the  brain  cavity  is  92  cubic  inches. 
The  British  skull  is  dolico-cephalic  and  orthognathic. 

The  lateral  regions  of  the  skuU  are  called  the  temporal 
fossae,  and  give  origin  to  the  temporal  muscles.  Under 
cover  of  each  zygomatic  arch  is  the  zygomatic  fossa.  At 
the  bottom  of  this  is  a  hoUow  between  the  superior  maxilla 
and  sphenoid,  called  sphenomaxillary  fossa,  from  which 
the  pterygo-maxillary  fissure  extends  downwards  between 
the  pterygoid  and  superior  maxillary;  and  the  spheno- 
maxillary fissure  extends  upwards  into  the  orbit. 

The  orbit  is  a  four-walled  pyramidal  cavity,  with  the 
base  directed  forward  to  the  face,  and  the  apex  backward 
to  the  brain  cavity.  At  the  apex  are  the  foramina  in  the 
sphenoid,  through  which  the  nerve  of  sight  and  other  nerves 
pass  from  the  brain  to  the  eyeball,  muscles,  and  other  soft 
structures  within  the  orbit. 

The  nostrils  open  on  the  front  of  the  face  by  a  large 
opening  situated  between  the  two  superior  maxillae,  and 
bounded  above  by  the  two  nasals.  The  sides  of  the 
opening  pass  down  almost  verticaUy  to  join  the  floor,  and 
are  not  rounded  off  as  in  the  ape's  skuU ;  from  the  centre 
of  the  floor  a  sharp  process,  the  nasal  spine  of  the  superior 
maxiUee,  projects  forwards,  and  forms  a  characteristic 
feature  of  the  human  skuU.    Attached  to  the  sides  of  the 
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,  opening  are  the  lateral  cartilages  of  the  nose,  which  form 
the  wings  of  the  nostrils,  and  so  modify  the  position  of 
their  openings  that  in  the  face  they  look  downwards.  The 
nostrils  are  separated  from  each  other  by  a  vertical  mesial 
partition  composed  of  the  mes-ethmoid,  vomer,  and  triangular 
nasal  cartilage,  the  last-named  of  which  projects  forward 
beyond  the  anterior  surface  of  the  upper  jaw,  and  con- 
tributes materially  to  the  prominence  of  the  nose.  The 
outer  wall  of  each  nostril  presents  the  convoluted  turbinals, 
which  are  separated  from  each  other  by  horizontal  passages 
extending  antero-posteriorly ;  the  superior  passage  or 
meatus  lies  between  the  superior  and  middle  turbinals  of 
the  ethmoid,  and  is  continued  into  the  sphenoidal  and 
posterior  ethmoidal  air-sinuses;  the  middle  meaUis  lies 
between  the  middle  and  inferior  turbinals,  and  is  continued 
into  the  frontal,  anterior  ethmoidal,  and  maxillary  air- 
sinuses.  These  sinuses  are  therefore  extensions  of  the  nasal 
chamber  or  respiratory  passage,  and  correspond  with  the 
air  cavities  which  exist  in  so  many  of  the  bones  of  birds  ; 
the  inferior  meatus  lies  between  the  inferior  turbinal  and 
floor  of  the  nose ;  into  its  anterior  part  opens  the  nasal 
duct  which  conveys  the  tears  from  the  front  of  the  eyeball. 
The  posterior  openings  of  the  nose  are  separated  from  each 
other  by  the  hinder  edge  of  the  vomer,  and  are  placed 
between  the  internal  pterygoid  plates  of  the  sphenoid. 

The  skull  varies  in  appearance  at  different  periods  of  life. 
In  infancy  the  face  is  small,  about  ^th  of  the  size  of  the 
entire  head,  for  the  teeth  are  still  rudimentary  and  the 
jaws  are  feeble;  the  centres  of  ossification  of  the  cranial 
bones  are  prominent;  the  forehead  projects;  the  skull  is 
widest  at  the  parietal  eminences  ;  the  air-sinuses,  and  bony 
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ridges  corresponding  to  them,  have  not  formed.  In  the 
adult  the  face  is  about  half  the  size  of  the  head,  and  its 
vertical  diameter  is  greatly  elongated,  from  the  growth  of  the 
antrum,  the  nose,  and  the  dental  borders  of  the  jaws ;  and 
the  angle  of  the  lower  jaw  is  almost  a  right  angle.  In  old 
age  the  teeth  fall  out,  the  jaws  shrink  in,  their  dental 
borders  become  absorbed,  the  angle  of  the  lower  jaw,  as  in 
infancy,  is  obtuse ;  the  vertex  and  floor  of  the  skull  also 
become  flattened,  and  the  sides  bulge  outwards, — changes 
due  to  gravitation  and  the  subsidence  of  the  bones  by  their 
own  weight. 

The  skull  of  a  woman  is  smaller  and  lighter,  with  the 
muscular  ridges  and  projections  due  to  the  air-sinuses  less 
strongly  marked  than  in  a  man,  but  with  the  eminences 
or  centres  of  ossification  more  prominent.  The  more 
feeble  air- sinuses  imply  a  more  restricted  respiratory 
activity  and  a  less  active  mode  of  life  than  in  a  man.  The 
internal  capacity  is  about  10  per  cent,  less  than  that  of 
the  male.  The  face  is  smaller  in  proportion  to  the  cranium  ; 
the  cranium  is  more  flattened  at  the  vertex,  and  the  height 
is  consequently  not  so  great  in  proportion  to  the  length  as  in 
the  man.  In  the  adult  female  skull,  therefore,  the  infantile 
characters  are  less  departed  from  than  is  the  case  in  the  male. 

Appendictjlae  Skeleton, 
uppee  limb. 

Turning  now  to  the  Appendicijlak  Skeleton,  we  shall 
consider  first  that  of  the  Superioe  or  Thoracic  or 
Pectoeal  Exteemity,  or  Uppee  Limb.  The  Upper  Limb 
may  be  subdivided  into  a  proximal  part  or  shoulder,  a 
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distal  part  or  hand,  and  an  intermediate  shaft,  which  con- 
sists of  an  upper  arm  or  bracJiium,  and  a  fore-arm  or  anti- 
hrachium.  In  each  of  these  subdivisions  certain  bones  are 
found :  in  the  shoulder,  the  clavicle  and  scapula  •  in  the 
upper  arm,  the  humerus ;  in  the  fore-arm,  the  radius  and 
ulna,  the  bone  of  the  upper  arm  in  man  being  longer  than 
the  bones  of  the  fore-arm ;  in  the  hand,  the  carpal  and 
metacarpal  bones  and  the  phalanges.  The  scapula  and 
clavicle  together  form  an  imperfect  bony  arch,  the  Scapular 
Arch  or  Shoulder  Girdle ;  the  shaft  and  hand  form  a  free 
divergent  Appendage.  The  shoulder  girdle  is  the  direct 
medium  of  connection  between  the  axial  skeleton  and  the 
divergent  part  of  the  limbj  its  anterior  segment,  the 
clavicle,  articulates  with  the  upper  end  of  the  sternum^ 
whilst  its  posterior  segment,  the  scapula,  approaches,  but 
does  not  reach,  the  dorsal  spines. 


Fig.  8.— Biafjrammatlc  transverse  section  to  represent  the  relationsof  the  shoulder 
eii(Ue  to  the  trunk  V,  a  Dorsal  Vertebra;  C,  a  Eib ;  St,  the  Sternum ;  Sc,  the 
Scapula;  Cr,  the  Coracoid;  CI,  the  Clavicle;  M,  the  Meniscus  at  its  sternal 
end ;  H,  the  Humems. 

The  Clavicle,  or  Collar  Bone  (Fig.  9),  is  an  elongated 
bone  which  extends  from  the  upper  end  of  the  sternum 
horizontally  outwards,  to  articulate  with  the  acromion 
process  of  the  scapula.  It  presents  a  strong  sigmoidal 
curve,  which  is  associated  with  the  transverse  and  horizontal 
direction  of  the  axis  of  the  human  shoulder.    It  is  slender 
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in  the  female,  but  powerful  in  muscular  males  ;  its  sternal 
end  is  thick  and  somewhat  triangular ;  its  acromial  end, 
flattened  from  above  downwards,  has  an  oval  articular 
surface  for  the  acromion.  Its  shaft  has  four  surfaces  for 
the  attachment  of  muscles;  and  a  strong  ligament,  con- 
necting it  with  the  coracoid,  is  attached  to  the  under 
surface,  near  the  outer  end,  whilst  near  the  inner  a  strong 
ligament  passes  between  it  and  the  first  rib.  The  clavicle 
is  absent  in  the  hoofed  quadrupeds,  in  the  seals  and  whales, 
and  is  feeble  in  the  carnivora;  but  is  well  formed,  not  only 
in  man,  but  in  apes,  bats,  and  in  many  rodents  and 
insectivora. 

The  Scapula,  or  Shoulder  Blade  (Fig.  9),  is  the  most 
important  bone  of  the  shoulder  girdle,  and  is  present  in 
all  mammals.  It  lies  at  the  upper  and  back  part  of  the 
wall  of  the  chest,  reaching  from  the  second  to  the  seventh 
rib.  Its  form  is  plate-like  and  triangular,  with  three 
surfaces,  three  borders,  and  three  angles.  The  funda- 
mental form  of  the  scapula,  as  seen  in  the  mole,  is  that  of 
a  three-sided  prismatic  rod,  and  its  assumption  of  the 
plate  or  blade-like  character  in  man  is  in  connection  with 
the  great  development  of  the  muscles  which  rotate  the 
humerus  at  the  shoulder  joint.  Its  costal  or  ventral 
surface  is  in  relation  to  the  ribs,  from  which  it  is  separated 
by  certain  muscles:  one,  caUed  subscapularis,  arises  from 
the  surface  itself,  which  is  often  termed  subscapular  fossa. 
The  dorsum  or  back  of  the  scapula  is  traversed  from  behind 
forwards  by  a  prominent  spine,  which^lies  in  the  proper  axis 
of  the  scapula,  and  subdivides  this  aspect  of  the  bone  into 
a  surface  above  the  spine,  the  supror  or  prm-sjnnoits  fossa, 
and  one  below  the  spine,  the  infra-  or  post-sjmiotcs  fossa. 
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The  spine  ^  arches  forwards,  to 
end  in  a  broad  flattened  process, 
the  acromion,  which  has  an  oval 
articular  surface  for  the  clavicle ; 
both  spine  and  acromion  are 
largely  developed  in  the  human 
scapula  in  correlation  with  the 
great  size  of  the  trapezius  and 
deltoid  muscles,  which  are  con- 
cerned in  the  elevation  and  ab- 
duction of  the  upper  Hmb.  The 
borders  of  the  scapula,  directed 
upwards,  backwards,  and  down- 
wards, give  attachment  to  several 
muscles.  The  angles  are  inferior, 
supero-posterior,  and  supero-an- 
terior.  The  supero-anterior  is  the 
most  important ;  it  is  trancated, 
and  presents  a  large,  shallow,  oval, 
smooth  surface,  the  glenoid  fossa, 
for  articulation  with  the  humerus, 
to  form  the  shoulder  joint.  Over- 
hanging the  glenoid  fossa  is  a 
curved  beak-like  process,  the 
coracoid,  which  is  of  importance 
as  corresponding  with  the  separate 
coracoid  bone  of  birds  and  reptiles. 
The  line  of  demarcation  between  it 
and  the  scapula  proper  is  marked 
on  the  upper  border  of  the  scapula 
by  the  supra-scapular  notch. 


Fig.  9.— The  Appondiculav  Skele- 
ton of  the  Left  Upper  Limb. 
CI,  clavicle  ;  Sc,  scapula  ;  Ac, 
acromion  process ;  Cr,  coracoid 
process  of  scapula;  H,  humerus ; 
R,  radius;  U,  ulna;  C,  opposite 
the  eight  carpal  bones ;  Mc,  op- 
posite the  five  metacai-pal  bones ; 
P,  poUox,  or  thumb ;  II.  index, 
III.  middle,  IV.  ring,  V 
little  finger. 
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The  Humerus,  or  bone  of  the  Upper  Arm  (Fig.  9),  is  a 
long  bone,  and  consists  of  a  shaft  and  two  extremities. 
The  upper  extremity  of  this  bone  possesses  a  convex 
spheroidal  smooth  surface,  the  head,  for  articulation  -with 
the  glenoid  fossa  of  the  scapula;  it  is  surrounded  by  a  nar- 
row constricted  nech,  and  where  the  neck  and  shaft  become 
continuous  with  each  other,  two  processes  or  tuberosities  are 
found,  to  which  are  attached  the  rotator  muscles  arising 
from  the  scapular  fossae.  Between  the  tuberosities  is  a 
groove  in  which  the  long  tendon  of  the  biceps  rests.  A 
line  drawn  through  the  head  of  the  humerus  perpendicular 
to  the  middle  of  its  articular  surface,  forms  with  the  axis  of 
the  shaft  of  the  bone  an  angle  of  40°.  The  shaft  of  the 
humerus  is  cylindriform  above,  but  flattened  and  expanded 
below ;  about  midway  down  the  outer  surface  is  a  rough 
ridge  for  the  insertion  of  the  deltoid  muscle,  and  on  the 
inner  surface  another  rough  mark  for  the  insertion  of  the 
coraco-brachialis.  The  demarcation  between  the  cyUndri- 
form  and  expanded  parts  of  the  shaft  is  marked  by  a 
shallow  groove  winding  round  the  back  of  the  bone,  in 
which  the  musculo-spiral  nerve  is  lodged.  The  lower 
extremity  of  the  humerus  consists  of  an  articular  and  a 
non-articular  portion.  The  articular  presents  a  small  head 
or  capitelhim  for  the  radius,  and  a  pulley  or  trochlea  for 
the  movements  of  the  ulna  in  flexion  and  extension  of  the 
limb.  The  non- articular  part  consists  of  two  condyloid 
eminences,  internal  and  external.  From  the  external,  or  epi- 
condyle,  a  ridge  passes  for  some  distance  along  the  outer 
border  of  the  bone  ;  it  gives  origin  to  the  supinator  and 
extensor  muscles  in  the  fore-arm.  From  the  internal  emi- 
nence, or  epi-trocUeay  a  ridge  passes  up  the  inner  border  of 
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the  shaft  of  the  bone;  this  eminence  gives  origin  to  the 
pronator  and  flexor  muscles  in  the  fore-arm.  In  nearly 
two  per  cent  of  the  bodies  examined  in  the  anatomy-rooms 
in  the  University  of  Edinburgh,  a  hooked  process  has  been 
seen  projecting  from  the  shaft  of  the  bone,  about  2  inches 
above  the  epi-trochlea ;  this  process  is  connected  to  the 
epi-trochlea  by  a  fibrous  band,  so  as  to  form  a  foramen, 
which  has  been  called  supra-condyloid.  In  these  cases 
the  median  nerve  invariably  passes  through  the  foramen, 
and  not  unfrequently  is  accompanied  by  the  brachial 
artery.  In  the  feline  carnivora  and  some  other  mammals 
a  foramen  constantly  occurs  in  this  part  of  the  humerus, 
through  which,  as  a  rule,  both  nerve  and  artery  proceed, 
though  in  the  common  seal  it  transmits  only  the  nerve. 

Before  describing  the  two  bones  of  the  fore-arm,  the 
anatomist  should  note  the  range  of  movement  which  can 
take  place  between  them.  In  one  position,  which  is  called 
supine,  they  lie  parallel  to  each  other,  the  radius  being  the 
more  external  bone,  and  the  pahn  of  the  hand  being 
directed  forwards;  in  the  other  or  prone  position  the 
radius  crosses  obliquely  in  front  of  the  ulna,  and  the  palm 
of  the  hand  is  directed  backwards.  Not  only  the  bones 
of  the  fore-arm,  but  those  of  the  hand  are  supposed  to  be 
in  the  supine  position  when  they  are  described. 

The  Radius  (Fig.  9)  is  the  outer  bone  of  the  Fore-arm,  and 
like  all  long  bones  possesses  a  shaft  and  two  extremities. 
The  upper  extremity  or  liead  has  a  shallow,  smooth  cup  for 
moving  on  the  capitellum  of  the  humerus;  the  outer 
margin  of  the  cup  is  also  smooth,  for  articulation  with  the 
ulna  and  annular  ligament;  below  the  cup  is  a  constricted 
neck,  and  immediately  below  the  neck  a  tuberosity  for  the 
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insertion  of  the  biceps.  The  shaft  of  the  bone  possesses 
three  surfaces  for  the  attachment  of  muscles,  and  a  sharp 
inner  border  for  the  interosseous  membrane.  The  lower 
end  of  the  bone  is  much  broader  than  the  upper,  and  is 
marked  posteriorly  by  grooves  for  the  lodgment  of  tendons 
passing  to  the  back  of  the  hand  :  from  its  outer  border  a 
pointed  styloid  process  projects  downwards;  its  inner  border 
has  a  smooth  shallow  fossa  for  articulation  with  the  ulna,  and 
its  broad  lower  surface  is  smooth  and  concave,  for  articula- 
tion with  the  scaphoid  and  semilunar  bones  of  the  wrist. 

The  Ulna  (Fig.  9)  is  also  a  long  bone.  Its  upper  end  is 
subdivided  into  two  strong  processes  by  a  deep  fossa,  the 
greater  sigmoid  cavity,  which  possesses  a  smooth  surface 
for  articulation  with  the  trochlea  of  the  humerus.  The 
anterior  or  coronoid  process  is  marked  by  an  oblique  ridge 
for  the  insertion  of  the  brachialis  anticus,  whilst  the  pos- 
terior or  olecranon  process  gives  insertion  to  the  large 
triceps  muscle  of  the  upper  arm.  Immediately  below  the 
outer  border  of  the  great  sigmoid  cavity  is  the  small 
sigmoid  cavity  for  articulation  with  the  side  of  the  head  of 
the  radius.  The  shaft  of  the  bone  possesses  three  surfaces 
for  the  attachment  of  muscles,  and  a  sharp  outer  border 
for  the  interosseous  membrane.  The  lower  end,  much 
smaller  than  the  upper,  has  a  pointed  styloid  process  and 
a  smooth  articular  surface,  the  outer  portion  of  which  is 
for  the  lower  end  of  the  radius,  the  lower  part  for  moving 
on  a  cartilage  of  the  wrist  joint  called  the  triangular  fibro- 
cartilage. 

The  Hand  consists  of  the  Carpus  or  wrist,  of  the  Meta- 
carpus or  palm,  and  of  the  free  Digits,  the  thumb  and  four 
fingers.     Anatomists  describe  it  with  the  palm  turned  to 
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the  front,  and  with  its  axis  in  line  with  the  axis  of  the 
fore-arm. 

The  Carpal  or  Wrist  bones  (Fig.  9)  are  eight  in  number 
and  small  in  size :  they  are  arranged  in  two  rows,  a 
'proximal, — i.e.  a  row  next  the  fore-arm, — consisting  of  the 
scaphoid,  semilunar,  cuneiform,  and  pisiform ;  and  a  distal, 
— i.e.,  a  row  next  the  bones  of  the  palm, — consisting  of  a 
trapezium,  trapezoid,  os  magnum,  and  unciform ;  the  bones 
in  each  row  being  named  in  the  order  they  are  met  with, 
from  the  radial  or  outer  to  the  ulnar  or  inner  side  of  the 
wrist.  It  is  unnecessary  to  give  a  separate  description  of 
each  bone.  Except  the  pisiform  or  pea-shaped  bone, 
which  articulates  with  the  front  of  the  cuneiform,  each 
carpal  bone  is  short  and  irregularly  cuboidal  in  shape ;  its 
anterior  (or  palmar)  surface  and  its  posterior  (or  dorsal)  being 
rough,  for  the  attachment  of  ligaments ;  its  superior  and 
inferior  surfaces  being  invariably  smooth,  for  articulation 
with  adjacent  bones ;  whilst  the  inner  and  outer  surfaces 
are  also  smooth,  for  articulation,  except  the  outer  surfaces 
of  the  scaphoid  and  trapezium  (the  two  external  bones  of 
the  carpus),  and  the  inner  surfaces  of  the  cuneiform  and 
unciform  (the  two  internal  bones).  Occasionally  a  ninth  or 
supernumerary  bone  may  arise  from  the'  subdivision  of  the 
scaphoid,  semilunar,  or  trapezoid,  into  two  pieces ;  more 
rarely  a  distinct  bone  is  found  in  the  human  wrist  inter- 
calated between  the  trapezoid,  os  magnum,  semilunar,  and 
scaphoid,  which  corresponds  in  position  to  the  os  inter- 
medium, found  constantly  in  the  wrist  of  the  orang,  gibbon, 
the  taUed  apes,  and  many  rodents  and  insectivora. 

The  Metacarpal  bones,  or  bones  of  the  Palm  of  the  Hand, 
are  five  in  number  (Fig.  9).    They  are  miniature  long 
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bones,  and  each  possesses  a  shaft  and  two  extremities. 
The  metacarpal  of  the  thumb  is  the  shortest,  and  diverges 
outwards  from  the  rest :  its  carpal  extremity  is  saddle- 
shaped,  for  articulation  with  the  trapezium;  its  shaft  is 
somewhat  compressed,  and  its  phalangeal  end  is  smooth 
and  rounded,  for  the  first  phalanx  of  the  thumb.  The 
four  other  metacarpal  bones  belong  to  the  four  fingers : 
they  are  almost  parallel  to  each  other,  and  diminish  in  size 
from  the  second  to  the  fifth.  Their  carpal  ends  articulate 
with  the  trapezoid,  os  magnum,  and  unciform  :  their  shafts 
are  three-sided  :  their  phalangeal  ends  articulate  with  the 
first  phalanges  of  the  fingers. 

The  number  of  Digits  in  the  hand  is  five,  which  is  the 
highest  number  found  in  the  mammalia.  They  are  dis- 
tinguished by  the  names  of  poUex  or  thumb,  and  index, 
middle,  ring,  and  little  fingers.  Their  skeleton  consists  of 
fourteen  bones,  named  phalanges,  of  which  the  thumb 
possesses  two,  and  each  of  the  four  fingers  three.  The 
phalanx  next  the  metacarpal  bone  is  the  first,  that  which 
carries  the  nail  is  the  terminal  or  ungual  phalanx,  whUst 
the  intermediate  bone  ia  the  second  phalanx.  Each  is  a 
miniature  long  bone,  with  two  articular  extremities  and  an 
intermediate  shaft,  except  the  terminal  phalanges,  which 
have  an  articular  surface  only  at  their  proximal  ends,  the 
distal  end  being  rounded  and  rough,  to  aflford  a  surface 
for  the  lodgment  of  the  nail. 

LOWER  LIMB. 

The  Infeeiob  or  Pelvic  Extremity,  or  Lower  Limb, 
consists  of  a  proximal  part  or  haunch,  a  distal  part  or  foot. 


APPENDICULAR  SKELETON — LOWEli  LIMB.  45 

and  an  intermediate  shaft  subdivided  into  thigh  and  leg. 
Each  part  has 
its  appropriate 
skeleton :  in  the 
haunch,  the  pel- 
vic or  innomi- 
nate bone;  in  the 

r 

thigh,  the  femur; 

Fig.  10. — Diagrammatic  transverse  section  to  represent 
in  the   leg,   the     the  relations  of  the  Pelvic  Girdle  to  the  Trunk.    V,  a 
sacral  vertebra ;  II,  the  ilium;  P,  the  two  pubic  bones 
tibia  and  fibula    meeting  in  front  at  the  symphysis;  F,  the  femur. 

(the  thigh-bone  in  man  being  longer  than  the  leg-bones) ; 
in  front  of  the  knee,  the  patella;  in  the  foot,  the  tarsal  and 
metatarsal  bones  and  phalanges.  The  bone  of  the  haunch 
forms  an  arch  or  Pelvic  Girdle,  which  articulates  behind 
with  the  side  of  the  sacrum,  and  arches  forward  to  articu- 
late with  the  opposite  haunch-bone  at  the  pubic  symphysis. 
It  is  the  direct  medium  of  connection  between  the  axial 
skeleton  and  the  shaft  and  foot,  which  form  a  free  divergent 
Appendage. 

The  Os  Innominatum,  or  Haunch-bone,  is  a  large  irre- 
gular plate-like  bone,  which  forms  the  lateral  and  anterior 
boimdary  of  the  cavity  of  the  pelvis.  In  early  life  it  con- 
sists of  three  bones — ilium,  ischium,  and  pubis — ^which 
unite  about  the  twenty-fifth  year  into  a  single  bone. 
These  bones  converge,  and  join  to  form  a  deep  fossa  or 
cup,  the  acetabulum  or  cotyloid  cavity,  on  the  outer  surface 
of  the  bone,  which  lodges  the  head  of  the  thigh-bone  at 
the  hip-joint.  One-fifth  of  this  cup  is  formed  by  the 
pubes,  and  about  two-fifths  each  by  the  ischium  and  ilium. 
At  the  bottom  of  the  acetabulum  is  a  depression,  to  the 
sides  of  which  the  interaHicular  ligament  of  the  hip-joint 
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is  attached.  From  the  aceta- 
bulum the  ilium  extends  up- 
wards and  backwards,  the 
ischium  downwards  and  back- 
wards, the  pubis  forwards  and 
H  inwards.  In  front  of  the  aceta- 
bulum is  a  large  hole,  the 
obturatw  or  thyroid  foramen, 
which  is  bounded  by  the 
ischium  and  pubes;  behind  the 
acetabulum  is  the  deep  sciatic 
notch,  which  is  bounded  by 
the  ischium  and  ilium. 

The  Ilium  (Fig.  10)  in  man 
is  a  broad  plate -Uke  bone. 
In  its  most  simple  form,  as  in 
the  kangaroo,  it  is  a  three- 
sided,  prismatic,  rod-like  bone, 
one  end  of  which  enters  into 
the  formation  of  the  acetabu- 
lum, whilst  the  other  is  free, 
and  forms  the  iliac  crest.  In 
man,  notwithstanding  its  ex- 
panded form,  three  surfaces 
may  also  be  recognised,  cor- 
responding to  the  surfaces  in 
theUiumof  the  kangaroo;  and,  as 
in  that  animal,  the  lower  end 

Fig  11 -The  Appendicular  Skeleton  of  the  Left  Lower  Limb.    II  ilium,  Is, 

^^'^c^LNb,|.i.^ 

nne^HH  Jep^sentrt™e  horizontal  plane,  whUst  the  dotted  line  V  is  in  line  with 
tlie  vertical  axis  of  the  spine. 
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aids  in  forming  the  acetabulum,  while  the  upper  end  forms 
the  iliac  crest,  which,  in  man,  in  conformity  with  the  general 
expansion  of  the  bone,  is  elongated  into  the  sinuous  crest 
of  the  ilium.  This  crest  is  of  great  importance,  for  it  affords 
attachment  to  the  broad  muscles  which  form  the  waU  of  the 
abdominal  cavity.  One  surface  of  the  iHum  is  external,  and 
marked  by  three  curved  lines  which  subdivide  it  into  areas 
for  the  origin  of  the  muscles  of  the  buttock ;  another  sur- 
face is  -  anterior,  and  hollowed  out  to  give  origin  to  the 
iliacus  muscle ;  the  third,  or  internal,  surface  articulates 
posteriorly  with  the  sacrum,  whilst  anteriorly  it  forms  a 
part  of  the  wall  of  the  true  pelvis.  The  external  is  sepa- 
rated from  the  anterior  surface  by  a  border  which  joins 
the  anterior  end  of  the  crest,  where  it  forms  a  process,  the 
anterior  superior  spine.  About  the  middle  of  this  border 
is  the  anterior  inferior  spine.  Between  the  external  and  inter- 
nal surfaces  is  a  border  on  which  are  found  the  posterior 
superior  andinferior  spines;  between  the  anteriot  and  internal 
surfaces  is  the  pectineal  border,  which  forms  part  of  the  line 
of  separation  between  the  true  and  false  pelvis. 

The  Pubis  (Fig.  11)  is  also  a  three-sided,  prismatic,  rod- 
like bone,  the  fundamental  form  of  which  is  obscured  by 
the  modification  in  shape  of  its  inner  end.  In  human 
anatomy  it  is  customary  to  regard  it  as  consisting  of  a 
bodT/  and  of  two  branches,  a  horizontal  and  a  descending 
ramus.  The  body  and  horizontal  ramus  form  the  funda- 
mental prismatic  rod,  and  the  descending  ramus  is  merely 
a  special  offshoot  from  the  inner  end  of  the  rod.  The 
outer  end  of  the  rod  takes  a  part  in  the  formation  of  the 
acetabulum ;  the  inner  end  is  expanded  into  the  body  of 
the  pubis,  and  has  a  broad  margin,  or  symjohysis,  for 
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articulation  with,  the  corresponding  bone  on  the  opposite 
side  of  the  pelvis.  The  three  surfaces  are — a  superior,  for 
the  origin  of  the  pectineus  muscle;  a  posterior,  which 
enters  into  the  wall  of  the  true  pelvis;  and  an  inferior, 
which  forms  the  upper  boundary  of  the  obturator  foramen. 
The  descending  ramus  is  merely  a  downward  prolongation 
of  the  inner  end  of  the  bone  which  joins  the  ischium,  and 
aids  in  forming  the  side  of  the  pubic  arch.  The  junction 
of  the  outer  end  of  the  pubis  with  the  ilium  is  marked  by 
the  pectineal  eminence.  The  superior  and  posterior  sur- 
faces are  separated  by  the  sharp  pectineal  line,  which, 
starting  from  the  spine  of  the  pubis,  runs  outwards  to  aid 
in  forming  the  brim  of  the  true  pelvis. 

The  Ischium  (Fig.  11),  like  the  ilium  and  pubis,  has 
the  fundamental  form  of  a  three-sided  prismatic  rod.  One 
extremity  (the  upper)  completes  the  acetabulum,  whilst 
the  lower  forms  the  large  prominence,  or  tuber  ischii.  The 
surfaces  of  the  bone  are  internal  or  pelvic,  eodemcd,  and 
anterior.  The  pelvic  and  external  surfaces  are  separated 
from  each  other  by  a  sharp  border,  on  which  is  seen  the 
ischial  S2nne.  The  pelvic  and  anterior  surfaces  are  sepa- 
rated by  a  border,  which  forms  a  part  of  the  boundary  of 
the  obturator  foramen ;  but  the  border  between  the  external 
and  anterior  surfaces  is  feebly  marked.  The  tuberosity, 
a  thick,  rough,  and  strong  process,  gives  origin  to 
several  powerful  muscles :  on  it  the  body  rests  in  the 
sitting  posture;  an  offshoot,  or  ramus,  ascends  from  it 
to  join  the  descending  ramus  of  the  pubis,  and  com- 
pletes both  the  pubic  arch  and-  the  margin  of  the  obturator 
foramen. 

By  the  articulation  of  the  two  innominate  bones  with 
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each  other  in  front  at  the  pubic  symphysis,  and  with  the 
sides  of  the  sacrum  behind,  the  osseous  walls  of  the  cavity 
of  the  Pelvis  are  formed.    This  cavity  is  subdivided  into 
a  false  and  a  true  pelvis.    The  false  "pelvis  lies  between 
the  expanded  wing-like  portions  of  the  two  ilia.    The  true 
pelvis  lies  below  the  two  pectineal  lines  and  the  base  of  the 
sacrum,  which  bound  its  upper  orifice,  and  form  the  brim 
of  the  true  pelvis,  or  pelvic  inlet;  whilst  its  lower  orifice  or 
outlet  is  bounded  behind  by  the  coccyx,  laterally  by  the 
ischial  tuberosities,  and  in  front  by  the  pubic  arch.  In 
the  erect  attitude  the  pelvis  is  so  inclined  that  the  plane 
of  the  brim  forms  with  the  horizontal  plane  an  angle  of 
from  60°  to  65°.    The  axis  of  the  cavity  is  curved,  and  is 
represented  by  a  line  drawn  perpendicularly  to  the  planes 
of  the  brim,  the  cavity,  and  the  outlet;  at  the  brim  it  is 
directed  upwards  and  forwards,  at  the  outlet  downwards 
and  a  little  forwards.     Owing  to  the  inclination  of  the 
pelvis,  the  base  of  the  sacrum  is  nearly  4  inches  higher 
than  the  upper  border  of  the  pubic  symphysis.  The  female 
pelvis  is  distinguished  from  the  male  by  certain  sexual 
characters.    The  bones  are  more  slender,  the  ridges  and 
processes  for  muscular  attachment  more  feeble,  the  breadth 
and  capacity  greater,  the  depth  less,  the  ilia  more  expanded, 
giving  the  greater  breadth  to  the  hips  of  a  woman  than  a 
man;  the  inlet  more  nearly  circular,  the  pubic  arch  wider,  the 
distance  between  the  tuberosities  greater,  and  the  obturator 
foramen  more  triangular  in  the  female  than  in  the  male. 
The  greater  capacity  of  the  woman's  than  the  man's  pelvis 
IS  to  afford  greater  room  for  the  expansion  of  the  uterus 
dunng  pregnancy,  and  for  the  expulsion  of  the  child  at 
the  time  of  birth. 
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The  Femur  or  Thigh-bone  (Fig.  11)  is  the  longest  bone 
in  the  body,  and  consists  of  a  shaft  and  two  extremities.  The 
upper  extremity  or  head  possesses  a  smooth  convex  surface, 
in  which  an  oval  roughened  fossa,  for  the  attachment  of 
the  inter-articular  ligament  of  the  hip,  is  found;  from  the 
head  a  strong  elongated  nech  passes  downwards  and  out- 
wards to  join  the  upper  end  of  the  shaft;  the  place  of 
junction  is  marked  by  two  processes  or  trochanters:  the 
external  is  of  large  size,  and  to  it  are  attached  many 
muscles;  the  internal  is  much  smaller,  and  gives  attachment 
to  the  psoas  and  iliacus  muscles.  A  line  drawn  through  the 
axis  of  the  head  and  neck  forms  with  a  vertical  line  drawn 
through  the  shaft  an  angle  of  30°;  in  a  woman  this  angle 
is  less  obtuse  than  in  a  man,  and  the  obhquity  of  the 
shaft  of  the  femur  is  greater  in  the  former  than  in  the 
latter.  The  shaft  is  almost  cylindrical  about  its-  centre, 
but  expanded  above  and  below;  its  front  and  sides  give 
origin  to  the  extensor  muscles  of  the  leg;  behind  there  is 
a  rough  ridge,  which,  though  called  linea  aspera,  is  reaUy 
a  narrow  surface  and  not  a  line;  it  gives  attachment  to 
several  muscles.  The  lower  end  of  the  bone  presents 
a  large  smooth  articular  surface  for  the  knee-joint,  the 
anterior  portion  of  which  forms  a  trochlea  or  pulley  for  the 
movements  of  the  pateUa,  whilst  the  lower  and  posterior 
part  is  subdivided  into  two  convex  condyles  by  a  deep 
fossa  which  gives  attachment  to  the  crucial  Kgaments  of 
the  knee.  The  inner  and  outer  surfaces  of  this  end  of  the 
bone  are  rough,  for  the  attachment  of  muscles  and  the 
lateral  Ugaments  of  the  knee. 

The  Patella  or  Knee-pan  (Fig.  11)  is  a  smaU  tnangular 
flattened  bone  developed  in  the  tendon  of  the  great  extensor 
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muscles  of  the  leg.  Its  anterior  surface  and  sides  are 
rough,  for  the  attachment  of  the  fibres  of  that  tendon;  its 
posterior  surface  is  smooth,  and  enters  into  the  formation 
of  the  knee-joint. 

Between  the  two  bones  of  the  leg  there  are  no  move- 
ments of  pronation  and  supination  as  between  the  two 
bones  of  the  fore-arm.  The  tibia  and  fibula  are  fixed  in 
position;  the  fibula  is  always  external,  the  tibia  internal. 

The  Tibia  or  Shin-bone  (Fig.  11)  is  the  larger  and 
more  important  of  the  two  bones  of  the  leg;  the  femur 
moves  and  rests  upon  its  upper  end,  and  down  it  the 
weight  of  the  body  in  the  erect  position  is  transmitted  to 
the  foot.    Except  the  femur,  it  is  the  longest  bone  of  the 
skeleton,  and  consists  of  a  shaft  and  two  extremities.  The 
upper  extremity  is  broad,  and  is  expanded  into  two  tub^- 
osities,  the  external  of  which  has  a  smaU  articular  facet 
inferiorly,  for  the  head  of  the  fibula;  superiorly,  the  tuber- 
osities have  two  smooth  surfaces,  for  articulation  with  the 
condyles  of  the  femur;  they  are  separated  by  an  intermediate 
rough  surface,  from  which  a  short  spine  projects,  which  gives 
attachments  to  the  inter-articular  crucial  Hgaments  and 
semilunar  cartUages  of  the  knee,  and  Hes  opposite  the  inter- 
condyloid  fossa  of  the  femur.    The  shape  of  the  bone  is 
three-sided;  its  inner  surface  is  subcutaneous,  and  forms 
the  shin;  its  outer  and  posterior  surfaces  are  for  the  origin 
of  muscles;  the  anterior  border  forms  the  sharp  ridge  of  the 
shm,  and  terminates  superiorly  in  a  tubercle  for  the  inser- 
tion of  the  extensor  tendon  of  the  leg;  the  outer  border 
of  the  bone  gives  attachment  to  the  inter-osseous  membrane 
of  the  leg.    The  lower  end  of  the  bone,  smaUer  than  the 
upper,  is  prolonged  into  a  broad  process,  internal  malleolus, 
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which,  forms  the  inner  prominence  of  the  ankle :  its  under 
surface  is  smooth  for  articulation  with  the  astragalus ;  exter- 
nally it  articulates  with  the  lower  end  of  the  fibula. 

The  Fibula,  or  Splint-bone  of  the  leg  (Fig.  11),  is  a 
slender  long  bone  with  a  shaft  and  two  extremities.  The 
upper  end  or  head  articulates  with  the  outer  tuberosity  of 
the  tibia.  The  shaft  is  three-sided,  and  roughened  for  the 
origins  of  muscles;  along  the  inner  surface  is  a  slender 
ridge  for  the  attachment  of  the  interosseous  membrane. 
The  lower  end  has  a  strong  process  {external  malleolus)  pro- 
jecting downwards  to  form  the  outer  prominence  of  the  ankle, 
and  possesses  a  smooth  inner  surface  for  articulation  with 
the  astragalus,  above  which  is  a  rough  surface  for  the  attach- 
ment of  ligaments  which  bind  together  the  tibia  and  fibula. 

The  Foot  consists  of  the  Tarsus,  the  Metatarsus,  and  the 
five  free  Digits  or  Toes,  which  is  the  maximum  number 
found  in  mammals.  The  human  foot  is  placed  in  the  prone 
position,  with  the  sole  or  plantar  surface  in  relation  to  the 
ground ;  the  dorsum  or  back  of  the  foot  directed  upwards ; 
the  axis  of  the  foot  at  about  a  right  angle  to  the  axis  of  the 
leg ;  and  the  great  toe  or  haUux,  which  is  the  corresponding 
digit  to  the  thumb,  at  the  inner  border  of  the  foot.  The 
human  foot,  therefore,  is  a  pentadactylous,  plantigrade  foot. 

The  bones  of  the  Tarsus,  or  Ankle  (Fig.  11,  Tr),  are  seven 
in  number,  and  are  arranged  in  two  transverse  rows,— a 
proximal,  next  the  bones  of  the  leg,  consisting  of  the 
astragalus,  os  calcis,  and  scaphoid;  a  distal,  next  the 
metatarsus,  consisting  of  the  cuboid,  ecto-,  meso-,  and 
ento-cuneiform.  If  the  tarsal  bones  be  looked  at  along 
with  those  of  the  metatarsus  and  toes,  the  bones  of  the 
foot  may  be  arranged  in  two  longitudinal  columns.-an 
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outer,  consisting  of  the  os  calcis,  cuboid,  and  the  metatarsal 
bones  and  phalanges  of  the  fourth  and  fifth  toes ;  an  inner 
column  consisting  of  the  astragalus,  scaphoid,  three  cunei- 
form, and  the  metatarsal  bones  and  phalanges  of  the  first, 
second,  and  third  toes.  The  tarsal,  like  the  carpal  bones, 
are  short  and  irregularly  cuboidal ;  the  dorsal  and  plantar 
surfaces  are  as  a  rule  rough  for  ligaments,  but  as  the 
astragalus  is  locked  in  between  the  bones  of  the  leg  and 
the  OS  calcis,  its  dorsal  and  plantar  surfaces,  as  well 
as  the  dorsum  of  the  os  calcis,  are  smooth  for  articu- 
lation ;  similarly,  its  lateral  surfaces  are  smooth  for 
articulation  with  the  two  maUeoU.  The  posterior  surface 
of  the  OS  calcis  projects  backwards  to  form  the  prominence 
of  the  heel.  With  this  exception,  the  bones  have  their 
anterior  and  posterior  surfaces  smooth  for  articulation. 
Their  lateral  surfaces  are  also  articular,  except  the  outer 
surface  of  the  os  calcis  and  cuboid,  which  form  the  outer 
border ;  and  the  inner  surface  of  the  os  calcis,  scaphoid, 
and  ento-cuneiform,  which  form  the  inner  border  of  the 
tarsus.  A  supernumerary  bone  is  sometimes  found  in  the 
human  tarsus,  from  a  subdivision  of  either  the  ento-cunei- 
form, astragalus,  os  calcis,  or  cuboid  into  two  parts.  In 
some  rodents  and  other  mammals  eight  is  the  normal 
number  of  bones  in  the  tarsus. 

The  Metatarsal  bones  and  the  Phalanges  of  the  toes 
agree  in  number  and  general  form  with  the  metacarpal 
bones  and  the  phalanges  in  the  hand.  The  bones  of  the 
great  toe  or  hallux  are  more  massive  than  those  of  the 
other  digits,  and  this  digit,  unlike  the  thumb  or  poUex, 
does  not  diverge  from  the  other  digits,  but  Hes  almost 
parallel  to  them. 
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Development  and  Homologies  op  the  Skeleton. 

It  will  now  be  advisable  to  consider  briefly  the  mode  of  develop- 
ment of  tbe  skeleton,  and  along  with  the  stndy  of  its  genesis  to 
compare  its  several  parts  with  each  other,  in  order  to  ascertain  if 
correspondences  in  their  arrangement  and  mode  of  origin  exist,  even 
if  they  differ  in  the  function  or  office  wluch  they  perfonn.  When 
two  or  more  parts  or  organs  correspond  with  each  other  in  structure, 
relative  position,  and  mode  of  origin,  we  say  they  are  homologous 
parts,  or  homologues ;  whilst  parts  which  have  the  same  function, 
but  do  not  correspond  in  structure,  relative  position,  and  mode  of 
origin,  are  analogous  parts,  or  analogues.  Homologous  parts  have 
therefore  a  morphological  identity  with  each  other,  whilst  analogous 
parts  have  a  physiological  agreement.  The  same  parts  may  be 
both  homologous  and  analogous,  as  the  fore-limbs  of  a  bat  and  a 
bii-d,  both  of  which,  with  the  same  fundamental  type  of  structui-e, 
are  subservient  to  flight.  In  other  cases  analogous  parts  are  not 
homologues,  as  is  illusti'ated  by  the  wing  of  the  insect,  which, 
though  subservient  to  flight,  is  fundamentally  difi'erent  in  sti-ucture 
from  the  wing  of  the  bat  or  bird. 

In  the  germinal  area  of  the  fertilised  vertebrate  ovum  a  longitudi- 
nal gi-oove  appears  which  marks  the  beginning  of  the  Cranial  Cavity 
and  Spinal  Canal  of  the  young  embryo.  At  the  bottom  of  this  cranio- 
spinal groove  a  slender  rod  is  formed,  called  chorda  dorsalis  or  nolo- 
chord.  Each  side  of  the  gi-oove  then  becomes  elevated  as  a  thin  mem- 
brane, to  meet  behind  to  enclose  a  canal  in  which  the  brain  and  spinal 
marrow  are  developed.  SmaU  dark  masses,  the  primordial  or  proto- 
vertehrce,  next  foiTa  on  each  side  of  the  chorda  dorsalis.  In  these 
proto-vertebrae,  about  the  sixth  or  seventh  week  of  intra-uterine 
life  of  the  human  ovum,  little  masses  of  cartilage  appear,  which 
correspond  in  number  and  position  to  the  futm-e  spinal  vertebra. 
The  part  of  the  cartilage  which  foi-ms  the  body  of  the  future  vertebra 
is  developed  ai'oimd  the  chorda  dorsalis,  wliich  it  encloses  in  its 
substance,  whilst  the  cartilaginous  neural  arch  forms  in  the  mem- 
brane which  closes  in  the  spinal  canal.  The  formation  of  these 
cartilaginous  vertebrae  is  completed  in  the  human  embryo  about  the 
fourth  month  of  intra-uterine  life.  The  bodies  of  the  cartilaginous 
vertebrae  are  connected  together  by  plates  or  discs  of  intervening 
fibro-cartilage,  which  are  also  developed  around  the  chorda  dorsalis. 
After  the  enclosure  of  the  rod-like  chorda  by  the  cartilaginous 
vertebriB  and  the  inter-vertebral  discs  it  disajipeai-s,  no  remains 
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being  found  in  the  adult  human  body,  or  in  that  of  the  higher 
vertebrates,  except  perhaps  some  slight  traces  in  the  soft  pulpy- 
centres  of  the  inter- vertebral  discs  ;  although  in  the  cartilaginous  fish 
it  remains  as  a  more  or  less  complete  structui-e  throughout  life. 

In  each  of  the  cartilaginous  vertebrae  bone  begins  to  form  and 
to  spread  beyond  its  original  point  of  formation,  which  is  called 
a  centre  or  nucleus  of  ossification ;  the  greater  part  of  the  body  is 
formed  from  one  of  these  centimes,  and  each  half  of  the  neural  arch 
from  another ;  whilst  small  ossific  centres  arise  for  the  tips  of  the 
spiuous,  transverse,  and  mammillary  processes,  and  a  special  plate 
appears  for  both  the  upper  and  lower  surfaces  of  the  body ;  the 
fusion  of  the  various  centres  together  to  form  a  complete  vertebra 
takes  place  between  the  twentieth  and  twenty-fifth  year.  The 
atlas  has  a  separate  centre  for  each  lateral  mass  and  one  for  the 
anterior  boundary  of  the  ring.  The  axis,  in  addition  to  the  ossific 
centres  found  in  the  vertebrae  generally,  has  one  or  two  for  the 
odontoid  process.  The  seventh  cervical  vertebra  has  the  anterior 
bar  of  its  transverse  process  developed  from  a  separate  centi'c.  Each 
coccygeal  vertebra  possesses  only  a  single  centre,  which  represents 
the  body  of  the  bone. 

At  the  time  when  the  cranio-spinal  canal  is  being  closed  in  by 
the  development  of  its  membranous  walls,  the  germinal  layers  of 
the  young  embryo  grow  towards  its  anterior  or  ventral  surface,  and 
meet  in  the  ventral  mesial  line,  so  as  to  enclose  the  cavities  in  which 
the  thoracic  and  abdominal  viscera  are  developed.  In  the  membranous 
wall  on  each  side  of  the  thoracic  cavity  twelve  cartilaginous  rods, 
the  future  ribs,  are  developed ;  and,  connected  with  the  anterior  ends 
of  the  seven  pairs  of  upper  ribs,  the  cartilaginous  sternum  is  formed. 
Each  rib  ossifies  from  one  centre  for  its  shaft,  and  one  each  for  the 
head  and  tubercle.  The  sternum  ossifies  in  transverse  segments, — 
one  for  the  prte-stemum,  one  or  sometimes  two  for  each  of  the  foiu- 
subdivisions  of  the  meso-stemum,  and  one  for  the  xiphi-sternum. 
The  complete  03.sification  and  fusion  of  the  diff"erent  parts  of  the 
sternum  into  a  single  bone  does  not  take  place  until  an  advanced  age. 

The  Axial  part  of  the  skeleton,  formed  by  the  vertebrte,  ribs,  and 
sternum,  is  built  up  of  a  series  of  thirty-three  transverse  segments, 
equal  in  number,  therefore,  to  the  bones  of  the  spine ;  so  that  each 
vertebra,  according  as  it  is,  or  is  not,  articulated  with  a  pair  of 
ribs  and  a  segment  of  the  sternum,  constitutes  a  complete  or 
incomplete  transverse  segment.  These  several  segments  are  serially 
homologous  with  each  other,  but  the  homology  is  not  so  complete 
in  some  of  the  segments  as  in  the  others.    In  the  coccygeal,  sacral, 
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and  lumbar  regions  of  man  and  most  vertebrates,  only  the  verte- 
bral portion  of  each  skeletal  segment  is  represented,  though  in  the 
abdominal  wall  of  the  crocodiles  abdominal  ribs  and  a  sternum  are 
developed.  In  the  thoracic  region  the  five  lowest  dorsal  vertebrae 
have  five  pairs  of  ribs  developed  in  connection  with  them ;  whilst 
the  seven  highest  vertebrse  have  not  only  their  corresponding  pairs 
of  ribs,  but  also  a  sternum,  which  bone,  however,  has  only  six  ti'ans- 
verse  segments.  In  the  cervical  region  seven  vertebrae  are  found, 
but  the  anterior  bar  of  the  ti'ansverse  process,  although  fused  with 
the  vertebral  body,  is  homologous  with  a  rib,  for  in  man  it  some- 
times develops  as  a  distinct  movable  rib  in  connection  with  the 
seventh  cervical ;  and  in  the  crocodiles  small  movable  ribs  are 
regularly  developed  in  connection  with  the  different  cervical  verte- 
bras. The  bodies  and  neural  arches  of  the  vertebrte  are  serially 
homologous  with  each  other ;  as  a  rule  this  is  also  the  case  with 
their  processes,  but  the  articular  processes  of  the  atlas  and  the 
superior  pair  of  the  axis,  although  functionally  analogous,  are  not 
homologous  with  the  articular  processes  of  the  other  vertebrae,  but 
with  the  articular  surfaces  for  the  ribs  on  the  bodies  of  the  dorsal 
vertebrffi,  for  they  lie  in  front  of,  and  not  behind,  the  vertebral 
notches  through  which  the  spinal  nerves  are  transmitted.  The 
development  of  the  odontoid  process  of  the  axis  shows  it  to  be  the 
body  of  the  atlas  displaced  from  its  proper  bone  and  fused  with  the 
body  of  the  axis. 

The  development  and  homology  of  the  Skull  is  a  much  more 
difficult  problem  to  solve  than  that  of  the  spine.  The  chorda 
dorsalis  extends  along  the  floor  of  the  skull  as  far  forward  as  the 
posterior  wall  of  the  pituitaiy  fossa.  Cartilage  is  formed  around  it, 
without,  however,  the  previous  production  of  proto-vertebroe,  and 
this  cartilage  is  prolonged  forward  on  each  side  of  the  fossa,  forming 
two  bars,  the  trabeculse  cranii ;  these  bars  then  unite,  and  foiTQ  the 
mes-ethmoid  cartilage ;  at  the  same  time  the  cartilage  grows  out- 
wards for  some  distance  in  the  membranous  wall  of  the  skull,  but 
it  does  not  mount  upwards  so  as  to  close  it  in  superiorly,  so  that 
the  cartilage  is  limited  to  the  floor  of  the  skull ;  moreover,  the 
cartilage  is  not  segmented.  The  roof,  side  walls,  and  anterior  wall 
of  the  cranium  retain  for  a  time  their  primordial  membranous  struc- 
ture. This  membrane  is  prolonged  downwards  into  the  face  proper, 
where  it  forms  a  pair  of  maxiUary  lobes  or  processes,  which  pass 
forwards  beneath  the  eyes  to  fonn  the  side  parts  of  the  face,  and 
a  mid-  or  frontal-nasal  process,  into  which  the  cartilaginous  mes- 
ethmoid  extends.    Immediately  below  each  maxillary  lobe  four 
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ai'ches,  called  branchial  or  visceral,  arise  in  the  ventral  aspect  of  the 
head,  and  in  each  of  the  three  first  of  these  arches  a  rod  of  cartilage 
is  formed.    The  arches  on  opposite  sides  unite  with  each  other  in 
the  ventral  mesial  line,  but  those  on  the  same  side  are  separated 
from  each  other  by  intermediate  branchial  clefts;  these  clefts  all 
close  up  in  course  of  time,  except  the  upper  part  of  the  first,  which 
remains  as  the  external  meatus  of  the  eai",  the  tympanum,  and  the 
Eustachian  tube ;  whilst  the  interval  between  the  fii-st  visceral  arch 
and  the  maxillary  lobes  forms  the  cavity  of  the  mouth.    The  con- 
version of  the  primordial  cartilaginous  and  membranous  cranium 
iato  the  bones  of  the  head  takes  place  by  the  formation  in  it  of 
numerous  centres  of  ossification.   The  basi-,  ex-,  and  so  much  of  the 
supra-occipital  as  lies  below  the  superior  curved  line,  are  formed 
from  distinct  centres  ia  the  cartilaginous  floor  of  the  skull ;  whilst 
the  part  of  the  supra-occipital  above  the  curved  line  arises  from 
independent  centres  in  the  membranous  cranium,  the  whole  inti- 
mately fusing  together  to  form  the  occipital  bone.    The  basi-  or 
post-sphenoid,  the  pre-  with  the  orbito-sphenoids,  the  ali-sphenoid 
with  the  external  pterygoid  and  the  internal  pterygoid,  also  arise 
in  the  cartilaginous  floor,  and  they,  together  with  the  sphenoidal 
spongy  bones  which  are  formed  in  the  membranous  cranium,  fuse 
into  the  sphenoid  bone.  The  palate  is  appai-ently  foi-med  by  ossifica- 
tion of  cai-tLlage  continuous  with  the  bar  in  which  the  internal 
pterygoid  arises.    The  central  plate  and  each  lateral  mass  of  the 
ethmoid  also  arise  in  the  cartilage  by  distinct  centres.  The  inferior 
turbinal  has  also  a  distinct  oiigin  in  cartilage.    The  petro-mastoid 
part  of  the  temporal  arises  in  cartilage  from  at  least  three  centres, 
peri-,  pro-,  and  opisth-otic,  and  soon  blends  with  the  squamous 
and  tympanic  elements  which  arise  in  the  membranous  cranium ; 
subsequently  the  styloid  process,  which  is  ossified  in  the  rod  of 
cartilage  in  the  second  visceral  arch,  joins  the  temporal.    The  lower 
end  of  this  same  rod  forms  the  lesser  comu  of  the  hyoid ;  the  upper 
Old  forms  two  small  bones,  the  stapes  and  incus,  situated  within 
the  cavity  of  the  tympanum.    The  cartilage  of  the  thu-d  visceral 
arch  forms  the  great  comu  and  body  of  the  hyoid  bone.    The  name 
of  Meckel's  cartilage  is  applied  to  the  rod  found  in  the  firet  visceral 
arch ;  Its  upper  end  is  ossified  into  the  malleus,  a  small  bone 
situated  m  the  tympanic  cavity;  whilst  in  the  membrane  sur- 
roundmg  the  rest  of  the  cartilage  the  lower  jaw-bone  is  formed. 
1  he  parietal  and  frontal  bones  arise  altogether  in  the  membranous 
vault ;  and  the  nasal,  lachrymal,  malar,  and  superior  maxillre  arise 
m  connection  with  the  membranous  lobes  which  foi-m  the  face ;  the 
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vomer  is  developed  in  the  membrane  investing  the  mes-ethmoid 
cartilage.  The  human  superior  maxilla  represents  not  only  the 
superior  maxilla  of  other  vertebrates,  but  the  pre-maxiUaiy  bone 
also ;  but  the  two  bones  become  fused  together  at  so  very  early  a 
period  that  it  is  difficult  to  recognise  their  original  independence. 
In  the  deformity  of  hare-lip  and  cleft  palate,  they  are  not  unfre- 
quently  separated  by  a  distinct  fissure. 

Since  the  time  when  Oken  and  Goethe  propounded  the  theory 
that  the  skull  was  built  up  of  several  vertebra?,  the  Vertebral  Struc- 
ture of  the  skull  has  led  to  much  discussion  amongst  anatomists. 
Every  one  admits  that  the  skull  is  in  series  mth  the  spine,  that 
the  cranial  cavity  is  continuous  with  the  spinal  canal,  and  that  the 
cranial  vault  is  formed  in  the  wall  of  the  embryonic  cerebro-spinal 
canal.  The  skull  also,  like  the  spine,  is  transversely  segmented, 
but  whether  we  regard  these  segments  as  vertebrae  or  not  wUl 
depend  upon  the  conception  we  entertain  of  the  meaning  of  the 
tei-m  vertebra.  If  with  Owen  we  define  a  vertebra  to  be  "one  of 
those  segments  of  the  endo-skeleton  which  constitute  the  axis  of 
the  body  and  the  protective  canals  of  the  nervous  and  vascular 
trunks,"  then  we  may  support  the  vertebral  nature  of  the  cranial 
segments  on  the  following  grounds :— Isi,  The  presence  of  a  series 
of  bones  extending  forwards  from  the  foramen  magnum  along  the 
basis  cranii,  in  series  with  the  bodies  of  the  spinal  vertebrae, — e.g., 
thebasi-occipital,  basi-sphenoid,  pre-sphenoid,  mes-ethmoid  (Fig.  7); 
2d,  The  presence  of  a  series  of  neural  arches  which  enclose  and 
complete  the  wall  of  the  cranial  cavity,  and  lie  in  series  with  the 
neural  arches  of  the  spinal  vertebrae,— e.g-.,  the  ex-  and  supra-occi- 
pitals,  which  form  the  neural  arches  of  the  basi-occipital  segment ; 
the  ali-sphenoids  and  parietals,  which  foim  the  neural  arches  of 
the  basi-sphenoid  segment ;  the  orbito-sphenoids  and  frontal,  which 
form  the  neural  arches  of  the  pre-sphenoid  segment  ;  the  lateral 
ethmoid  and  nasal,  which  form  the  neural  arches  of  the  ethmoid- 
nasal  segment ;  3d,  The  presence  of  a  series  of  visceral  arches  of 
which  the  mandibular  and  hyoidean  enclose  the  aUmentary  and  vas- 
cular canals,  just  as  the  ribs  enclose  them  in  the  thorax  ;  and  4th, 
The  presence  of  foramina  between  the  cranial  segments  like  the  inter- 
vertebral foramina  between  the  spinal  vertebra  for  the  transmission 
of  nerves,— e.g,  the  sphenoidal  fissure  and  the  jugular  foramen. 

But  if  we  are  to  regard  a  vertebra  as  a  segment  of  the  axial 
skeleton  which  in  course  of  its  formation  passes  through  a  definite 
series  of 'developmental  changes,  then  the  cranial  segments  cannot 
be  re<^i-ded  as  vertebra  in  the  same  sense  as  the  spmal  segments; 
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for,  1st,  The  chorda  dorsalis  is  not  co-equal  in  length  with  the  basis 
cranii,  as  it  is  with  the  bodies  of  the  spinal  vertebrae,  so  that  if  the 
basi-occipital  and  basi-sphenoid  segments,  the  bodies  of  which  are 
developed  around  it,  were  to  be  regarded  as  cranial  vertebrse,  the 
pre-sphenoidal  and  ethmoido-nasal  would  not  be  morphologically  the 
same,  as  they  are  formed  in  front  of  the  anterior  end  of  the  chorda. 
2d,  Proto-vertebrjB  are  formed  in  the  spine,  but  not  in  the  basis 
ci-anii.  Sd,  The  spine  is  transversely  segmented  in  its  cartilaginous 
stage  of  development,  but  the  skull  is  not.  Ath,  The  transverse 
segmentation  of  the  skull  only  appears  when  the  bones  are  formed, 
but  the  individuality  of  the  segments  becomes  again  concealed  by 
the  fusion  of  the  pre-  and  basi-sphenoids  and  the  basi-occipital  into 
a  continuous  bar  of  bone,  a  condition  which  is  not  found  in  the 
spiae  except  in  the  sacro-coccygeal  region.  5t7i,  The  neural  arches 
in  the  spine  are,  like  the  bodies,  ossified  in  cartilage,  but  in  the 
cranium  they  are  for  the  most  part  ossified  in  membrane.  These 
differences  in  the  mode  of  development  of  the  spine  and  basis  cranii 
may  be  summarised  as  below : — 


1st  Stage, 
Unsegmented 
chorda. 


1st  Stage, 
Unsegmented 
chorda  in  part. 


Spine. 

2d  Stage,            Sd  Stage,  4th  Stage, 

Proto-vertebrffi.       Segmented  Segmented 

cartilage.  bones. 

Basis  Cranii. 

2d  Stage,            3d  Stage,  Uh  Stage, 

Unsegmented        Segmented  Unsegmented 

cartilage.              bones.  bones. 


It  is  evident,  therefore,  that,  although  both  skull  and  spine  are 
developed  in  the  walls  of  the  cerebro-spinal  groove,  yet,  to  quote 
the  words  of  Huxley,  "though  they  are  identical  in  general 
plan  of  construction,  the  two  begin  to  diverge  as  soon  as  the  one 
puts  on  the  special  character  of  a  skull  and  the  other  that  of  a 
vertebral  column ;  the  skuU  is  no  more  a  modified  vertebral  column 
than  the  vertebral  column  is  a  modified  skull." 

The  Limbs,  at  their  first  appearance,  sprout  like  little  buds  or 
lappets  from  the  sides  of  the  trunk  ;  cartilage  forms  within  them, 
which  assumes  the  shape  of  the  future  bones,  and  as  the  limbs  gi'ow 
outwards,  manifestations  of  joints  appear,  and  the  subdivision  of  each 
hmb  mto  Its  several  segments  takes  place.  The  shaft  of  the  clavicle, 
however,  which  ossifies  before  any  of  the  other  bones,  begins  to 
torm  m  fibrous  membrane ;  and  at  a  much  later  period  the  ends  of 
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the  'bone,  which  are  formed  in  cartilage,  unite  with  the  intermediate 
shaft.  The  scapula  ossifies  from  one  centi-e  for  its  expanded  plate 
and  spine,  two  small  centres  each  for  the  acromion  and  vertebral 
bordei-,  and  one  for  the  coracoid.  In  many  vertebrates,  more  espe- 
cially birds  and  reptiles,  the  coracoid  is  a  distinct  bone  from  the 
scapula,  but  they  articulate  with  each  other  to  form  the  glenoid 
fossa.  Each  of  the  three  rod-like  bones  of  which  the  innominate 
bone  is  composed  ossifies  from  one  centre  for  the  shaft  of  the  bone, 
and  one  for  each  extremity ;  in  the  ilium  these  terminal  centres  are 
situated  at  the  crest  and  acetabulum  ;  in  the  ischium,  at  the  tuber 
and  acetabulum  ;  and  in  the  pubis,  at  the  symphysis  and  acetabu- 
lum. Each  of  the  long  bones  of  the  shafts  of  the  limbs  ossifies 
from  a  single  centre  for  the  shaft,  and  one  or  more  centres  for  each 
articular  extremity.  Each  carpal  and  tarsal  bone  ossifies  from  a 
single  centre,  except  the  os  calcis,  which  possesses  an  independent 
centre  for  its  posterior  surface.  The  metacai-pal  and  metatarsal 
bones  and  the  phalanges  ossify  each  from  two  centres,  one  for  the 
shaft  and  one  for  one  of  the  extremities.  In  the  metacarpal  bones  of 
the  fingers  and  the  four  outer  metatarsals,  the  distal  end  is  that  which 
ossifies  independently ;  in  the  metacarpal  of  the  thumb,  in  the  meta- 
tarsal of  the  great  toe,  and  in  all  the  phalanges,  the  proximal  end  is 
that  which  ossifies  independently.  As  the  method  of  ossification  of 
the  first  metacarpal  and  first  metatarsal  corresponds  with  that  of  the 
phalanges,  some  anatomists  hold  that  these  bones  are  really  the  first 
phalanges  of  their  respective  digits,  and  that  the  bone  which  is  absent 
in  these  digits,  when  compared  with  the  other  digits,  is  not  a 
phalanx,  but  a  meta-carpal  or  meta-tarsal  bone.  When  the  exti-emity 
of  a  bone  ossifies  from  a  cen,tre  distinct  from  the  centre  from  which 
the  shaft  arises,  it  is  called  an  epiphysis.  The  epiphysis  is  united  to  the 
shaft  of  the  growing  bone  by  an  intermediate  plate  of  cartilage,  and 
so  long  as  any  of  this  cartilage  remains  unossified  the  bone  can 
continue  to  grow  in  length.  The  ossification  is  not  completed  in 
the  difi"erent  bones  until  from  the  twentieth  to  the  twenty-fifth 
year.  In  the  case  of  the  long  bones,  the  epiphysis  situated  at  the 
end  of  the  bone,  towards  which  the  canal  in  the  shaft  which  trans- 
mits the  nutrient  artery  is  directed,  ossifies  to  the  shaft  before  the 
epiphysis  at  the  other  end.  In  the  humerus,  tibia,  and  fibula, 
where  the  canal  is  directed  downwards,  the  epiphyses  at  the  lower 
ends  of  the  bones  first  unite  with  the  shaft ;  whilst  in  the  femur, 
radius,  and  ulna,  where  the  canal  is  directed  upwards,  the  ossifica- 
tion first  takes  place  between  the  upper  epiphysis  and  the  shaft. 
All  anatomists  hold  that  the  bones  of  the  shaft  and  distal  part  of 
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a  limb  belong  to  the  appendicular  part  of  the  skeleton,  but  there  is 
a  difiference  of  opinion  as  to  the  place  in  the  skeleton  to  which  the 
bones  of  the  shoulder  girdle  and  haunch  are  to  be  referred.  Owen 
considers  that  the  scapular  and  pelvic  arches  belong  to  the  axial 
skeleton,  and  are  homologous  with  the  ribs  ;  the  scapula  and  coracoid 
as  the  visceral  or  rib-arch  of  the  occipital  vertebra,  the  clavicle  of 
the  atlas,  and  the  innominate  bone  of  the  upper  sacral  vertebrae. 
Goodsir  objected  to  this  conclusion  of  Owen's  on  the  ground  that 
the  shoulder  girdle  was  not  in  series  with  the  visceral  arches,  but 
was  developed  outside  the  visceral  wall,  at  the  junction  of  the 
cervical  and  thoracic  regions,  from  which  region  the  upper  limb 
receives  its  nerves,  and  not  from  the  occipito-atlantal  region, 
whence  they  would  have  proceeded  had  it  been  an  appendage  of 
the  rib-arches  of  those  segments.  Owen's  chief  argument  for 
regarding  the  scapula  and  coracoid  as  the  costal  arch  of  the  occi- 
pital vertebra  is  because  in  fish  the  scapula  is  attached  to  the 
occipital  bone  by  a  bone  which  Cuvier  called  the  supra-scapula, 
and  which  he  believed  to  be  homologous  with  the  supra-scapular 
cai-tilage  of  many  other  vertebrates.  Parker,  however,  has  recently 
pointed  out  that  the  so-called  supra-scapula  of  a  fish  is  not  homolo- 
gous with  the-  su]3ra-scapula  of  a  reptile  or  mammal,  that  it  is  not  a 
cartilage  bone,  but  is  a  splint  or  scale-like  bone,  developed  as  a 
part  of  the  dermo-skeleton.  Between  the  scapula  and  coracoid  and 
the  innominate  bone,  anatomists  have  long  recognised  homologies 
to  exist ;  the  scapula  is  generally  admitted  to  be  the  homotype 
of  the  ilium  and  the  coracoid  of  the  ischium,  so  that  if  these 
elements  of  the  shoulder  girdle  be  not  a  costal  arch,  neither  can 
those  of  the  pelvic  girdle.  The  clavicle  has  by  some  been  regarded 
as  the  homotype  of  the  pubis ;  but  in  all  probability  the  pubis  is  homo- 
logous with  the  procoracoid  bone  which  is  found  in  the  amphibia 
and  some  reptiles,  but  is  absent  in  crocodiles,  birds,  and  mammals  ; 
whilst  the  shaft  of  the  clavicle  is  represented  in  the  pelvic  girdle, 
not  by  a  bone,  but  by  a  fibrous  band  called  Poupart's  ligament. 
Between  the  bones  of  the  shafts  of  the  limbs  homologies  exist  :  the 
humerus  is  the  homotype  of  the  femur,  the  radius  of  the  tibia,  the 
ulna  of  the  fibula  ;  whilst  the  patella  has  no  representative  in  the 
human  upper  limb.  The  scaphoid  and  semilunar  bones  in  the 
carpus  are  homotypes  of  the  astragalus  in  the  tarsus,  the  cunei- 
form is  the  homotype  of  the  os  calcis,  the  cuboid  of  the  unciform  ; 
the  trapezium  of  the  ento-cuneiform,  the  trapezoid  of  the  meso-, 
and  the  os  magnum  of  the  ecto-cuneiform.  The  tarsal  scaphoid  is 
not,  as  a  rule,  represented  in  the  human  carpus,  but  its  homotype 
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is  the  OS  intermedium,  found  in  many  mammals.  The  carpal 
pisiform  is  a  sesamoid  bone  developed  in  the  tendon  of  a  muscle. 
The  metacarpal  bones  and  phalanges  are  homologous  with  the 
metatarsal  bones  and  phalanges  ;  the  thumb  with  the  great  toe,  and 
the  fingers  with  the  four  outer  toes.  During  the  growth  of  the 
limbs  outward,  and  their  change  from  the  simple  lappet-like  form 
to  their  elongated  condition,  a  rotation  of  the  proximal  segment  of 
the  shaft  takes  place — that  of  the  upper  limb  a  quarter  of  a  circle 
backward,  that  of  the  lower  limb  a  quarter  of  a  circle  forward— to 
produce  in  the  former  case  a  supine  position  of  the  fore-arm  and 
hand,  with  the  thumb  as  the  outermost  digit ;  in  the  latter  case,  a 
prone  condition  of  the  leg  and  foot,  with  the  gi-eat  toe  as  the  inner- 
most digit.  The  range  of  movement  at  the  radio-ulnar  joints 
enables  us,  however,  to  pronate  the  hand  and  fore-arm  by  throwing 
the  radius  across  the  ulna,  so  as  to  make  the  thumb  the  innei-most 
digit.  In  many  quadrupeds  the  fore-leg  is  fixed  in  this  position, 
so  that  these  animals  walk  on  the  soles  of  both  the  fore  and  hind  feet. 


CHAPTEK  11. 
JOINTS  AND  MUSCLES. 


Geneeai-  Observations  on  the  Aeticulatory  and 
MrrscuLAE  Systems. 

A  Joint  or  Articulation  is  the  junction  or  union  of 
any  two  adjacent  parts  of  the  body.  Most  usually  the  term 
is  employed  to  signify  the  connection  established  between 
contiguous  bones.  It  is  by  the  joints  that  the  various 
bones  are  knit  together  to  form  the  skeleton.  Joints  may 
be  either  immovable  or  movable. 

The  immovable  joints  are  divided  into  the  synchondroses 
and  the  sutures.  A  synchondrosis  is  the  junction  of  two 
bones  by  the  interposition  of  an  intermediate  plate  of 
cartUage;  the  fibrous  membrane  or  periosteum  which 
invests  the  bones  being  prolonged  from  one  bone  to  the 
other  over  the  surface  of  the  cartilage.  A  suture  is  the 
connection  of  two  bones  by  the  interlock- 
ing of  adjacent  toothed  margins ;  the  peri- 
osteal fibrous  membrane  is  prolonged  from 
one  bone  to  the  other,  and  is  also  inter-  io_verticai  sec- 
posed  between  their  adjacent  margins.  In  chondroM,'lVth"e" 
a  young  skuU  the  basi-occipital  and  basi-   mteiTosed'  ^cmn! 

sphenoid  are  united  by  synchondrosis,  but    membrane  which 
.  •       -L        .  .     -  plays  the  part  of  a 

junction  by  sutures  is  the  mode  of  union  ugament. 
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which  prevails  in  the  bones  of  the  head.  In  old  persons 
the  sutures  become  obliterated  by  the  ossification  of  the 
intermediate  fibrous  membrane,  and  the  bones  are  per- 
manently fused  together.  The 
cranial  sutures  may  conveniently 
be  arranged  in  three  groups  : 
_  i,,     ,  «,  Median  longitudinal,  consist- 

FiG.  13. — Vertical  section  tnrougli     '  o  ' 

borsT:!:ro"teth'e'sutre;7i°g  ^0^*^!  ^^^^^e,  which 

o7"a^°°gament,''  and"which"'is  frontal  bouc,  and  the  sagittal 

continuous  with  the  interposed      .  ■,    ,  j_  ■  j.  i 

fibrous  membrane.  suture,  between  the  two  parietal 

bones ;  b,  Lateral  longitudinal,  consisting,  on  each 
side  of  the  head,  of  the  fronto-nasal,  fronto-maxillary, 
fronto-lachrymal,  fronto-ethmoidal,  fronto-malar,  fronto- 
sphenoidal,  parieto-sphenoidal,  parieto-squamous,  parieto- 
mastoid sutures;  c,  Vertical  transverse,  consisting  of  the 
coronal  or  fronto-parietal,  the  lambdoidal  or  parieto-occi- 
pital,  the  sphenoido-malar,  sphenoido-squamous  and  occi- 
pito-mastoid  sutures  (fig.  6).  As  the  skull  grows  by  ossifica- 
tion of  the  cartilage  of  the  base  and  the  membranous  vault, 
the  direction  of  growth  is  perpendicular  to  the  margins  of 
the  bones  and  the  sutures  and  synchondroses  which  connect 
them  together.  The  growth  of  the  skuU  in  length  is  per- 
pendicular, therefore,  to  the  basi-cranial  synchondrosis  and 
the  vertical  transverse  group  of  sutures;  its  growth,  in 
breadth,  to  the  median  longitudinal  group,  and  in  height 
to  the  lateral  longitudinal  group.  So  long  as  any  of  the 
cartilage  or  membrane  between  the  margins  of  the  bones 
remains  unossified,  bone  may  continue  to  form,  and  the 
skuU  may  increase  in  size.  It  sometimes  happens  that 
the  cartilao-e  or  membrane  is  prematurely  ossified  in 
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a  particular  locality,  and  the  further  growth  of  the  skull 
put  a  stop  to  in  that 
region ;  if  the  brain 
is  still  growing,  the 
skull  must  increase 
in  other  directions  to 
allow  the  necessary 
expansion  of  the 
cranial  cavity,  and 
deformities  of  the 
skull  are  thereby 
occasioned.  One  of 
the  most  usual  of 
these  deformities  is 
due  to  premature 
closure  of  the  sagittal 
suture,  causing  stop- 
page of  the  growth 
of  the  skuU  in 
breadth,  and,  by  way 


of 


compensation,  Fig-  14.— vertex  view  of  a  boat-shaped  or  scapho- 
cephalic  skull,  showing  the  complete  disappear- 


great  mcrease  in  its    ^uice  of  the  sagittal  suture. 

length,  so  as  to  produce  a  very  elongated  and  somewhat 
boat-shaped  cranium. 

The  movable  joints  are  divided  into  the  ampUarthrodial 
and  the  diarthrodial  joints.  An  amphiarthrosis  or  half- 
joint  has  only  a  feeble  range  of  movement.  It  consists 
of  two  bones,  each  of  which  has  its  articular  surface 
covered  by  a  plate  of  cartilage,  and  which  plates  are 
firmly  connected  together  by  an  intermediate  disc  of 
The  centre  of  this  disc  is  soft,  or  may 

E 


fibro-cartilage. 
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even  be  hollowed  out  into  a  cavity,  lined  by  a  smooth 

synovial  membrane,  and  contain- 


ing a  little  fluid.  Ligamentous 
^  bands,  continuous  with  the  peri- 
■lAjij/  osteum   investing    the  bones, 
invest  the  fibro-cartilage,  and 
,  assist  in  binding  the  bones  to- 

FiG.  15. — Vertical  section  through  ° 

t^Twtre"■fi:Vthel;,at'eo^  gutter.    The  best  examples  of 
L^fofe:c^bone^"Se"X:  auiphiarthrodial  joints  are  fur- 
Z'e^er^X^^tir'        nished  by  the  articulations  be- 
tween  the  bodies  of  the  true  vertebras. 

A  diarthrosis  admits  of  more  or  less  perfect  movement. 
In  it  the  two  articular  surfaces  are  each  covered  by  a  plate 

of  encrusting  cartilage,  the  free 
surface  of  which  is  smooth  and 
polished  ;  between  these  surfaces 
is  a  cavity  containing  a  glairj' 


fluid,  the  synovia,  for  lubricating 


of  the  joint.    This  cavity  is  en- 
closed by  ligaments,  which  are 
F16.I6.— Vertical sectionthrough  attached  to  the  bones,  and  the 

a  diarthrodial  joint.   J,  6,  the  _ 

two  bones ;  c,  c,  the  piato  of  mner  surf ace  01  these  ligaments 

cartilage  on  the  articular  sur- 
face of  each  bone ;  I,  I,  the  in-  jg  lined  by  a  Synovial  membrane 

vesting  ligament,  the  dotted  _ 

line  within  which  represMits  -^^inc]!  secrctes  the  synovia.  Some- 

the  synovial  membrane.  The 

letter  s  is  placed  in  the  cavity  ^j^gg  ^  plate  Or  mmisCUS  of  fibro- 
of  the  joint.  ^ 

cartilage  is  interposed  between,  without,  however,  being 
attached  to  the  encrusting  cartilages  of  a  diarthrodial 
joint,  so  as  more  or  less  perfectly  to  subdivide  the 
cavity  enclosed  by  the  ligaments  into  two  spaces.  The 
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articular  surfaces  of  diarthrodial  joints  are  retained  in 
apposition  with  each  other,  some- 
times by  investing  ligaments,  at 
others  by  surrounding  muscles  and 
tendons ;  at  others  by  atmospheric 
pressure,  aided  by  the  adhesive 
character  of  the  interposed  synovia. 
The  form  of  the  articular  or  mov- 
able surfaces  varies  very  materi- 
ally in  different  examples  of  these 
joints,  and  the  modifications  in  ^'•'•i^-— 'Vertical  section  through 

a  diarthrodial  joint,  in  which 

lorm  determine  the  direction  of        cavity  is  suijdivided  into 

two  by  an  interposed  fibro-car- 

the  movements  of  the  ioints     Tn    ^'l^^'^  °'"  ™eniscus,  fc.  The 

J    uuo.     J.U.     other  letters  as  in  Fig.  16. 

some,  as  the  carpal  and  tarsal  joints,  the  surfaces  are 
ahnost  flat,  so  that  they  gUde  on  each  other;  the  move- 
ment is  comparatively  slight,  and  about  an  axis  perpen- 
dicular to  the  moving  surfaces  :  these  are  called  plane- 
surfaced  joints.  In  other  joints  the  articular  surfaces  may 
be  regarded  as  produced  by  the  rotation  of  a  straight  or 
curved  line  about  an  axis  lying  in  the  same  plane;  these 
are  cM  rotation  joints,  and  they  present  various  modifica- 
tions according  to  the  direction  and  relation  of  the  rotat- 
ing hue  to  the  axis.  One  form  of  a  rotation  joint  is  the 
pivot  joznt,  in  which  the  movement  takes  place  about  the 
axis  of  one  of  the  bones,  which  is  the  axis  of  rotation  of 
the  joint ;  examples  of  this  joint  are  found  in  the  joint 
between  the  atlas  and  odontoid  process  of  the  axis  and 
the  radio-ulnar  joint.  Another  form  is  the  ffinffhjrm^  or 
hinge  Joint,  in  which  the  axis  of  rotation  of  the  joint  is 
perpendicular  to  the  axes  of  the  two  bones;  the  move- 
ments of  the  hinge  are  called  flexion  when  the  angle 
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between  the  two  bones  is  diminished,  and  extension  when 
the  angle  is  increased.  An  important  modification  of  the 
ginglymus  is  the  screwedrsurfaced  joint,  examples  of  which 
are  found  in  the  elbow  and  ankle;  here  the  plane  of 
flexion  is  not  perpendicular,  but  obUque  to  the  axis  of  the 
joint.  The  saddle-shaped  d^iA  ohlong  joints  q\s,o  modi- 
fied hinges,  but  allow  motion  about  two  axes;  in  the 
oblong  both  axes  are  on  the  same  side  of  the  joint;  but  in 
the  saddle-shaped  there  is  an  axis  of  rotation  on  each  side  of 
the  joint.  The  best  example  of  the  saddle-shaped  is  found 
between  the  metacarpal  bone  of  the  thumb  and  the  trape- 
zium ;  of  the  oblong  between  the  fore-arm  and  the  carpus. 
In  the  hall-and-sochet  joint  a  spheroidal  head  fits  into  a 
cup,  and  rotation  takes  place  about  any  diameter  of  the 
sphere;  the  joint  therefore  is  multi-axial;  the  hip  and 
shoulder  joints  are  the  best  examples.  Some  joints,  in 
which  the  forms  of  the  articular  surfaces  are  more  complex, 
are  called  composite;  in  them  the  movements  of  a  hinge 
and  of  a  ball-and-socket  joint  may  be  combined;  the  knee 
may  be  cited  as  an  example  of  this  form  of  articulation. 
In  a  large  number  of  movable  joints  only  portions  of  the 
opposite  articular  surfaces  are  in  contact  with  each  other 
at  a  given  time ;  but,  as  the  joint  describes  its  path  of 
movement,  different  parts  of  the  surfaces  come  into  contact 
with  each  other  successively,  and  it  is  not  unusual  to  find 
the  articular  surface  both  of  the  cartilage  and  the  sub- 
jacent bone  mapped  out  into  distinct  areas  or  facets,  which 
are  adapted  to  corresponding  facets  on  the  opposite  arti- 
cular surface  in  particular  positions  of  the  joint.  "When 
the  corresponding  facets  on  opposite  articular  surfaces 
break  contact  with  each  other,  the  space  between  becomes 
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occupied  by  synovia,  or  in  some  joints,  more  especially  the 
knee,  by  folds  of  synovial  membrane  enclosing  clumps  of 
fat,  which  have  been  called  synovial  pads.  In  the  simple 
hinge,  in  that  with  screwed  surfaces,  in  the  oblong  and 
composite  joints,  the  principal  ligaments  are  situated  at 
the  sides  of  the  joint,  and  are  called  lateral ;  they  not  only 
prevent  lateral  displacement  of  the  bones,  but,  by  a 
tightening  of  their  fibres,  check  excessive  movement  for- 
wards or  backwards  during  flexion  and  extension.  In  the 
saddle-shaped  and  ball-and-socket  joints,  the  joint  is  in- 
cluded within  a  bag-like  ligament  called  capsular.  In  the 
pivot  joints  the  cavity  in  which  the  pivot  fits  is  completed 
by  a  transverse  or  a  ring-shaped  Ligament. 

The  Muscles  are  the  organs  which,  by  their  contraction 
or  shortening,  move  the  bones  on  each  other  at  the  joints. 
The  muscles  constitute  the  flesh  of  the  body.  They  are  so 
arranged  as  to  be  capable  not  only  of  moving  the  various 
bones  on  each  other,  but  the  entire  body  from  place  to 
place.  Hence  the  muscles  are  organs  both  of  motion  and 
locomotion.  As  they  can  be  brought  into  action  at  the 
will  of  the  individual,  they  are  caUed  voluntary  muscles. 
Some  of  the  muscles  are  engaged  in  the  movement  of  other 
structures  than  the  bones,  such  as  the  eye-ball,  tongue, 
cartilages  of  the  larynx,  &c.  About  400  muscles  are 
usually  enumerated,  and  the  names  applied  to  them  express 
either  their  position,  or  relative  size,  or  shape,  or  direction, 
or  attachments,  or  mode  of  action.  The  word  muscle  is 
itself  derived  from  the  Latin  musculus,  a  little  mouse,  from 
a  fancied  resemblance  between  that  animal  and  some  of  the 
most  simply  formed  muscles.  It  is  customary  to  dis- 
tmguish  in  a  muscle  a  central  part,  or  helly,  and  two  ex- 
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tremities,  one  of  wliicli  is  the  head  or  the  origin,  the  other 
the  insertion.  The  belly  is  the  fleshy 
part  of  the  muscle,  and  possesses  a 
deep-red  characteristic  colour;  it  is  the 
active  contractile  structure,  the  source 
of  motor  power.  The  two  extremities 
are  called  the  tendons  of  the  muscle, 
or  sinews;  the  tendons  are  bluish- 
white  in  colour,  possess  no  power  of 
contractility,  and  are  merely,  as  it 
were,  the  ropes  by  which  the  belly 
of  the  muscle  is  attached  to  the  bone 
or  other  structure  which  is  moved  by 
its  contraction.  The  term  tendon  of 
origin,  applied  to  one  extremity  of  the 
muscle,  signifies  the  fixed  end  of  the 
muscle,  that  to  which  it  draws  during 
its  contraction;  as  a  rule  this  is  the 
end  nearest  the  trunk,  the  proximal 
end.  The  term  tendon  of  insertion  is 
applied  to  the  end  which  is  moved  by 
the  contraction ;  as  a  rule  this  is  the 
end  most  removed  from  the  trunk, 
the  distal  end.  Entering  the  sub- 
stance of  each  muscle  is  at  least 
one  artery,  which  conveys  blood  for  its 
Fig.  18.— The  rectus  muscle  nutrition;  this  artery  ends  in  a  net- 

of  the  thigh;  to  show  ' 

the  constituent  parts  of  a  capillary  blood-vessels,  from 

muscle.    R,  the  fleshy  i 

^m^v!terdon''oftser:  which  a  Vein  arises  and  conveys  the 

rai-teV""r^4piyt'.;  Wood  out  of  the  muscle  again;  an- 
pth'epatSfa Other  Small  vessel,  called  a  lymphatic, 
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also  arises  within  the  muscle,  and  conveys  the  fluid 
lymph  out  of  the  muscle.  Each  muscle  also  is  pene- 
trated by  a  nerve,  by  which  it  is  brought  into  connection 
with  the  brain,  and  along  which  the  nervous  impulse, 
started  by  the  WiU,  is  conveyed.  The  Will  is  the  natural 
stimulus  for  exciting  muscular  action,  which  action  is  in 
many  cases  so  rapid  that  scarcely  an  appreciable  interval 
of  time  intervenes  between  willing  and  doing  the  action. 

The  bones  form  a  series  of  rod-like  levers,  and,  in  study- 
ing the  mode  of  action  of  the  muscles,  the  place  of  inser- 
tion of  the  muscle  into  the  bone — ^that  is  to  say,  the  point 
of  application  of  the  power  which  causes  the  movement — 
and  its  relations  to  the  joint,  or  fulcrum,  or  centre  of  motion, 
and  to  the  weight  or  resistance  which  is  to  be  overcome, 
have  to  be  kept  in  view.  The  relative  positions  of  ful- 
crum, point  of  application  of  power,  and  resistance,  are  not 
the  same  in  aU  the  bony  levers.  As  a  rule,  the  muscles 
are  inserted  into  bones  between  the  fulcrum  and  the  mov- 
able point  of  resistance,  and  nearer  the  fulcrum  than  the 
movable  point,  as  may  be  seen  in  the  muscles  which  bend 
the  fore-arm  at  the  elbow-joint.  Although  from  the  weight- 
arm  of  the  lever  being  in  these  cases  much  longer  than  the 
power-arm,  the  muscles,  as  regards  the  application  of  the 
power,  act  at  a  disadvantage,  yet  the  movement  gains  in 
velocity.  Sometimes  the  muscle  is  inserted,  as  is  the 
case  in  the  great  muscle  which  straightens  or  extends 
the  fore-arm,  at  one  end  of  the  lever,  and  the  fulcrum 
or  joint  is  placed  between  it  and  the  movable  point.  At 
other  times,  as  in  the  case  of  the  chief  depressor  muscle 
of  the  lower  jaw,  whilst  the  muscle  is  attached  to  one  end 
of  the  lever,  the  fulcrum  is  at  the  opposite  end.    When  a 
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muscle  is  so  placed  that  its  tendon  of  insertion  is  perpen- 
dicular to  the  bone  to  which  it  is  attached,  it  acts  to  great 
advantage;  when  placed  obliquely  or  nearly  parallel,  a  loss 
of  power  occurs.  Many  muscles  at  the  commencement  of 
contraction  Lie  obUquely  to  the  bones  which  they  move, 
but  as  contraction  goes  on  they  become  more  nearly  per- 
pendicular, so  that  they  act  with  more  advantage  near 
the  close  than  at  the  commencement  of  contraction.  If  a 
muscle  passes  over  only  one  joint,  it  acts  on  that  joint  only; 
but  if  it  passes  over  two  or  more  joints,  it  acts  on  them  in 
succession,  beginning  with  the  joint  next  the  point  of 
insertion.  A  given  movement  may  be  performed  by  the 
contraction  of  a  single  muscle,  but  as  a  rule  two  or  more 
muscles  are  associated  together,  and  they  are  not  unfre- 
quently  so  arranged  that  one  muscle  initiates  the  move- 
ment, which  is  then  kept  up  and  completed  by  the  rest. 
Muscles  producing  movement  in  one  direction  have  opposed 
to  them  muscles  which  by  their  contraction  effect  the 
opposite  movement;  when  both  groups  act  simultaneously 
and  with  equal  force,  they  antagonise  each  other,  and  no 
motion  is  produced;  when  a  muscle  is  paralysed  or  divided, 
its  antagonistic  muscle  draws  and  permanently  retains  the 
part  to  its  own  side.  The  rapidity  of  action  of  a  muscle  is 
proportioned  to  the  length  of  its  fasciculi,  its  power  of 
contraction  to  their  number. 

Each  muscle  is  invested  by  a  sheath,  the  perimysium, 
formed  of  connective  tissue.  In  the  Hmbs  and  in  the  neck 
not  only  has  each  muscle  a  sheath,  but  a  strong  fibrous 
membrane  envelopes  the  whole  of  the  muscles,  and  assists 
materially  in  giving  form  and  compactness  to  the  region. 
This  membrane  is  called  generally  a  fascia  or  viuscular 
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aponeurosis,  but  special  descriptive  names  are  given  to  it 
in  the  different  regions — e.g.,  cervical  fascia,  brachial 
aponeurosis,  fascia  lata,  or  fascia  of  the  thigh.  In  some 
localities  muscles  arise  from  the  fascia,  and  in  others  they 
are  inserted  into  it.  The  fascia  is  separated  from  the 
skin  by  a  layer  of  subcutaneous  fatty  tissue,  the  superficial 
fascia,  and  in  this  layer  muscles  are  in  some  localities  de- 
veloped. In  the  fat  of  the  inner  border  of  the  palm  of  the 
hand  a  small  muscle,  the  palmaris  hrevis,  is  found,  which 
is  inserted  into  the  skin  covering  the  baU  of  the  little 
finger ;  at  each  side  of  the  neck,  also,  lies  a  thin  muscle 
caUed  platysma  myoides,  and  the  muscles  on  the  face  and 
scalp  which  move  the  skin  of  the  face  and  head  belong  to 
the  same  category.  These  muscles  belong  to  the  group  of 
sub-cutaneous  or  dermal  muscles,  which,  except  in  the  locali- 
ties above  referred  to,  is  not  represented  in  the  human' 
body,  but  is  well  known  in  the  bodies  of  the  mammalia 
generally  as  the  panniculus  carnosus. 

In  arranging  the  muscles  for  descriptive  purposes,  either 
a  morphological,  a  topographical,  or  a  physiological  method 
maybe  pursued.  The  morphological  arrangement  is  to  be 
preferred  when  the  object  is  to  compare  the  muscular 
system  in  man  with  that  in  different  animals,  and  the  basis 
of  the  arrangement  should  be  into  muscles  of  the  axial, 
the  appendicular,  and  the  axi-appendicular  skeletons,  and 
sub-cutaneous  muscles;  a  topographical  arrangement  is  most 
suitable  for  the  purposes  of  the  practical  surgeon;  a  physio- 
logical arrangement,  when  the  object  is  to  study  the  action 
of  the  muscles  in  connection  with  the  movements  of  the 
joints. 
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Joints  and  Muscles  of  the  Axial  Skeleton. 

The  Intervertebral  Joints  are  complex  in  construction. 
The  bodies  of  the  true  vertebrae  are  connected  together  by 
an  amphiarthrodial  joint :  the  fibro-cartilaginous  plate  or 
intervertebral  disc  is  tough  and  fibrous  in  its  peripheral 
part,  but  soft  and  pulpy  within.  (Fig.  15.)  Remains  of  the 
chorda  dorsalis  are  said  to  occur  in  the  soft  pulp,  and  some- 
times a  distinct  cavity,  lined  by  a  synovial  membrane,  is 
found  in  the  centre  of  the  disc,  which  in  the  finner  whales 
is  expanded  into  a  large  central  cavity  containing  many 
ounces  of  synovia.    A  diarthrodial  joint  connects  the  supe- 
rior and  inferior  articular  processes  of  adjacent  vertebrae  on 
each  side.    Elastic  yellow  ligaments,  the  ligamenta  suhflava, 
pass  between  their  lamina.    Inter-  and  supraspinous  liga- 
ments connect  adjacent  spinous  processes,  and  in  the  neck 
the  supra-spinous  ligament  forms  a  broad  band,  the  liga- 
mentum  nuchce.     In  those  mammals  which  possess  big 
heads  or  heavy  horns,  this  ligament  of  the  back  of  the 
neck  forms  a  powerfiil  elastic  band  for  the  support  of  the 
head.    The  joints  between  the  atlas  and  axis,  and  the 
atlas  and  occiput,  are  specially  modified  in  connection  with 
the  movements  of  the  head  on  the  top  of  the  spine.  The 
intervertebral  discs  are  absent,  and  the  range  of  movement 
either  from  before  backward,  as  in  nodding  the  head,  or 
from  side  to  side,  as  in  looking  over  the  shoulder,  are 
more  extensive  than  between  any  of  the  other  true  vertebrae. 
The  head  rotates  along  with  the  atlas  around  the  odontoid 
or  pivot  process  of  the  axis,  which  is  lodged  between  the 
anterior  part  of  the  atlas  and  a  strong  transverse  Hgament 
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•wMcli  lies  behind  the  odontoid.  Too  great  movement  to 
one  side  or  the  other  is  prevented  by  the  check  ligaments, 
which  pass  from  the  top  of  the  odontoid  to  the  occipital 
bone,  in  front  of  the  foramen  magnum.  The  nodding 
movements  take  place  between  the  occiput  and  atlas,  and 
are  permitted  by  the  size  and  shape  of  the  occipital  condyles 
and  hoUow  upper  articular  surfaces  of  the  atlas.  These 
joints  are  aU  diarthrodial.  The  spine  is  flexible  and 
elastic ;  except  in  the  joints  above  referred  to,  the  range 
of  movement  between  any  two  true  vertebrae  is  very  small, 
but  the  sum  of  the  movement  in  the  entire  spine,  owing  to 
the  number  of  bones,  is  considerable.  The  elasticity  of 
the  spine  is  partly  due  to  the  nimierous  diarthrodial  joints 
between  its  articular  processes,  but  more  especially  to  the 
discs  of  fibro-cartUage  interposed  between  the  bodies  of 
the  vertebrae,  which  act  like  elastic  pads  or  bufi"ers  to  pre- 
vent shock.  The  spine  and  trunk  may  be  bent  either 
forwards  or  backwards,  or  to  the  right  and  left  side ;  or 
without  being  bent,  the  spine  may  be  screwed  to  the  right 
or  to  the  left,  the  screwing  movement  being  permitted  by 
the  oblique  direction  of  the  articular  processes. 

The  muscles  which  move  the  vertebrae  on  each  other  are 
principally  situated  on  the  back  of  the  trunk.  In  the 
hollow  on  each  side  of  the  spinal  column  is  the  great 
erector  spinae  muscle,  with  its  several  subdivisions,  the 
fibres  of  which  pass  longitudinally  upwards,  to  be  inserted 
mto  the  vertebral  spines  and  transverse  processes  and  the 
angles  of  the  ribs.  When  both  muscles  act  together,  the 
entire  spine  is  bent  back;  but  when  the  muscle  of  one  side 
only  contracts,  then  the  spine  is  bent  to  that  side.  These 
muscles  also  act  in  raising  the  spine  from  the  bent  to  the 
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erect  position,  and  they  are  assisted  by  small  inter-spinal 
muscles,  situated  between  the  spines  in  the  cervical  and 
lumbar  regions.  The  spine  is  bent  forward  by  the  psose 
and  longi  coUi  muscles ;  and  the  straight  muscles  of  the 
abdomen,  inserted  into  the  lower  true  ribs,  assist  in  this 
movement.  The  screwing  movements  of  the  spine  are 
effected  by  a  series  of  muscles  arranged  in  layers,  the 
fibres  of  which  pass  obliquely  from  below  upwards  and 
inwards,  between  the  laminae  and  spines  of  adjacent  verte- 
brae, and  are  known  as  the  semispinals,  multifidi,  and 
rotatores  spinas  muscles. 

The  head  is  balanced  on  the  summit  of  the  spine,  and 
is  maintained  in  a  quiescent  position  without  any  appre- 
ciable muscular  action,  but  it  can  be  moved  in  various 
directions  by  the  muscles  inserted  into  its  bones.  The 
nodding  movements  of  the  head  on  the  atlas  are  due  to 
the  posterior  recti,  the  two  superior  obliques,  the  two 
splenii,  and  the  two  complexus  muscles,  inserted  into  the 
supra-occipital,  which  draw  the  head  backwards;  and  the 
anterior  recti,  inserted  into  the  basi-occipital,  and  sterno- 
cleido-mastoid  muscles,  inserted  into  the  mastoid  pro- 
cesses, which  draw  it  forwards.  "When  the  right  splenius, 
right  greater  posterior  rectus  and  inferior  oblique  act  along 
with  the  left  complexus  and  sterno-mastoid,  the  head  is 
rotated  to  the  right  shoulder ;  the  opposite  rotation  being 
due  to  the  action  of  the  corresponding  muscles  on  the 
other  side  of  the  neck. 

In  the  formation  of  the  walls  of  the  abdomen  proper, 
bones  and  joints  play  but  a  small  part.  The  lumbar 
vertebrae  behind,  the  expanded  wings  of  the  iliac  bones 
below,  and  the  false  ribs  above,  are  the  only  bones  to  be 
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considered.  Three  pairs  of  greatly  expanded  muscles — 
the  external  obHque,  internal  oblique,  and  transverse- — lie 
at  the  sides  and  in  front;  and  two  pairs  of  muscles — ^the 
recti  and  pyramidales — are  situated  wholly  in  front.  The 
internal  obKque  and  the  transverse  muscles  are  attached 
above  to  the  ribs,  behind  to  the  lumbar  spine,  below  to  the 
Uiac  crest  and  to  a  strong  band,  Poupart's  ligament,  extend- 
ing from  the  crest  of  the  ilium  to  the  pubic  spine ;  the  ex- 
ternal oblique  has  similar  connections  above  and  below,  but 
is  not  attached  behind  to  the  lumbar  spine.  The  muscles 
all  terminate  in  front  in  strong  expanded  tendons,  called 
the  anterior  ahdominal  aponeuroses,  which  blend  together  in 
the  middle  Hne  anteriorly  to  form  the  band  called  linea 
alba,  which  stretches  longitudinally  from  the  xiphi-sternum 
to  the  pubic  symphysis.  These  expanded  tendons  enclose 
the  recti  muscles,  which  pass  from  the  pubic  crest  upwards 
to  the  cartilages  of  the  three  lower  true  ribs;  and  the 
pyramidal  muscles,  which  pass  from  the  body  of  the  pubis 
to  be  inserted  into  the  Hnea  alba.  The  entire  arrangement 
is  admirably  adapted  for  completing  the  walls  of  the  great 
abdominal  chamber,  and  for  enabling  the  muscles  to  com- 
press the  abdominal  viscera,  an  action  which  takes  place 
when  the  contents  of  the  bowels  and  bladder  are  being 
expelled  during  defsecation  and  micturition. 

Bones  and  joints  play  a  more  important  part  in  the 
formation  of  the  walls  of  the  thoracic  than  of  the  abdo- 
minal cavity.  Not  only  are  there  twelve  thoracic  vertebrae 
behind,  and  the  sternum  in  front,  but  the  twelve  ribs  on 
each  side  arch  more  or  less  completely  forward  from  the 
spine;  and  the  seven  upper  ribs,  through  their  costal 
cartilages,  articulate  with  the  sternum. 
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Costovertebral  Joints  are  situated  between  the  head  of 
a  rib  and  the  body  of  one  or  more  usually  two  adjacent 
vertebrae:  in  the  latter  case,  an  inter  articular  ligament 
passes  from  the  head  of  the  rib  to  the  intervertebral  disc 
and  subdivides  the  joint  into  two  parts.  Except  in  the 
floating  ribs,  Costo-transverse  joints  exist  between  the  tubercle 
of  the  rib  and  the  transverse  process  of  the  vertebra.  The 
joints  are  diarthrodial,  and  completed  by  ligaments  and 
synovial  membrane.  The  Costo-sternal  Joints  are  also  diar- 
throdial (except  the  first  costal  cartilage,  which  is  directly 
united  to  the  pr«-sternum),  a  capsular  ligament,  lined  by 
a  synovial  membrane,  connecting  the  cartilages  of  the  true 
ribs  to  the  sternum.  The  cartilages  of  the  sixth  to  the 
ninth  ribs  are  also  united  together  by  ligamentous  fibres. 

The  movements  of  the  ribs  and  sternum  at  the  costo- 
vertebral and  costo-sternal  joints  are  of  the  utmost  import- 
ance in  the  process  of  breathing.  Breathing  or  respiration 
consists  of  two  acts  with  intermediate  pauses — breathing 
in,  or  inspiration,  and  breathing  out,  or  expiration.  During 
inspiration,  the  air  rushes  through  the  nose  or  mouth 
down  the  windpipe,  and  dilates  the  air-cells  of  the  lungs ; 
together  with  the  expansion  of  the  lungs  the  walls  of  the 
chest  rise,  so  that  the  capacity  both  of  lungs  and  chest 
at  the  end  of  a  full  inspiration  is  nearly  doubled.  During 
inspiration  the  following  changes  occur  in  the  walls  of 
the  chest :  the  ribs  are  elevated  and  rotated  outwards, 
the  lower  borders  of  their  shafts  are  everted,  while 
their  surfaces  are  at  the  same  time  rendered  more  oblique, 
and  the  width  of  the  intercostal  spaces  is  thereby  in- 
creased ]  the  elevation  and  rotation  of  the  ribs  throw  the 
sternum  upwards  and  forwards,  and  make  the  thoracic 
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part  of  the  spinal  column  straighter ;  the  diaphragm  is 
depressed,  and  the  antero-lateral  walls  of  the  abdomen  are 
thrown  forward.  The  muscles  which  cause  these  move- 
ments are  as  f  oUows : — In  each  of  the  spaces  between 
the  different  ribs  a  pair  of  intercostal  muscles  is  situated; 
these  elevate  and  rotate  the  ribs,  and  the  movements  are 
assisted  by  the  levatores  costarum,  and,  in  the  case  of  the 
upper  and  lower  ribs,  by  the  scaleni  and  serrati  postici 
muscle.s ;  and  by  these  agents  the  transverse  and  antero- 
posterior diameter  of  the  chest  is  increased.  •  The  increase 


vmow^  ,To?J^  5'',^,°.?'"^'  ^"'■f''^^  diaphragm,  a,  4th  lumbar 

I  ft  „rt"  f  and  nth  ribs;  d,  xipbi-stemum  ;  e,/,  crura  of  diaphragm  ; 

fnfPrin^  vp!  °^  of  diaphragm ;  k,  aorta;      oesophagus;  m 

l^nnhrlo^^  .^""u'.?'  P'°''''  quadratus  muscle;  gqg,  central  tendon  of 
diaphragm,  into  whicli  tlio  muscular  fibres  are  inserted. 

in  Its  vertical  diameter  is  due  to  the  action  of  the  dia- 
phragm or  midriff,  the  great  muscle  which,  arising  by  its 
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circumference  from  the  xiphi-sternum,  cartilages  of  six 
lower  ribs,  arcuate  ligaments,  and  by  its  two  crura  from  the 
bodies  of  the  four  upper  lumbar  vertebrae,  forms  the  floor  of 
the  thoracic  and  the  roof  of  the  abdominal  cavity.  It  con- 
stitutes a  great  arch,  with  its  convexity  directed  to  the 
cavity  of  the  chest.  By  the  contraction  of  its  fibres,  which 
are  inserted  into  a  trefoil-shaped  central  tendon,  the  arch 
is  rendered  less  convex,  and  the  floor  of  the  chest  is 
thereby  depressed.  Under  circumstances  which  require 
more  powerful  efforts  of  inspiration,  the  muscles  which 
pass  from  the  walls  of  the  chest  to  the  upper  hmbs  may, 
by  taking  their  fixed  points  at  the  limbs,'act  as  elevators 
of  the  ribs.  During  expiration  the  ribs  are  depressed, 
their  lower  borders  inverted,  the  width  of  the  intercostal 
spaces  diminished,  the  sternum  depressed,  the  spine  more 
curved,  and  the  diaphragm  more  convex.  These  move- 
ments are  principally  due  to  the  recoil  of  the  elastic  tissue 
of  the  lungs  previously  rendered  tense  by  the  inflation  of 
the  air-cells,  and  to  the  untwisting  of  the  ribs  when  the 
inspiratory  muscles  cease  to  elevate  and  rotate  them. 
Muscular  action  plays  but  a  small  part  in  quiet  expiration, 
but  the  expulsion  of  the  air  from  the  lungs  may  be  facili- 
tated by  contracting  the  abdominal  muscles,  which,  by 
pressing  the  abdominal  viscera  against  the  under  surface 
of  the  diaphragm,  force  that  muscle  upwards. 

The  Temporo-maxillary  Joints  are  the  only  diarthrodial 
articulations  in  the  head.  The  condyle  of  the  lower  jaw  on 
each  side  is  received  into  the  glenoid  fossa  of  the  temporal 
bone ;  each  joint  is  enclosed  by  a  capsular  ligament,  and 
between  the  articular  surfaces  is  a  meniscus,  which  sub- 
divides the  interior  of  the  joint  into  two  cavities,  each  lined 
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by  a  synovial  membrane.    The  movements  of  the  lovs^er 
jaw  take  place  simultaneously  at  both  its  articulations 
during  mastication  and  speech,  through  the  action  of  the 
several  muscles  which  are  inserted  into  it.    This  bone  is 
elevated  by  the  temporal  muscles,  inserted  into  the  coronoid 
processes;  by  the  masseterics,  inserted  into  the  outer 
surface  of  the  ascending  rami  and  angles,  and  the  internal 
pterygoids,  one  into  the  inner  surface  of  each  angle. 
It  is  depressed  partly  by  its  own  weight  and  partly  by 
the  action  of  the  digastrics  and  genio-hyoids,  inserted 
close  to  the  symphysis;  by  the  platysma,  inserted  into 
the  outer  surface  of  each  horizontal  ramus;  and  the  mylo- 
hyoids, into  their  inner  surfaces.    The  elevators  of  the  jaw 
are  much  more  powerful  than  the  depressors,  for  they  not 
only  have  to  overcome  the  weight  of  the  bone,  but  during 
mastication  have  to  exercise  force  sufficient  to  cut  or  break 
down  the  food  between  the  teeth.    In  carnivorous  animals, 
more  especiaUy  those  which,  like  the  tiger  or  hy^na,  crack 
the  bones  of  their  prey,  these  muscles  attain  a  great  size. 
The  lower  jaw  can  be  projected  in  front  of  the  upper  by  the 
external  pterygoid  muscles,  inserted  into  the  neck  of  the 
bone  and  the  interarticular  meniscus  on  each  side ;  but 
excessive  movement  forward  is  checked  by  the  action 
of  the  stjrlo-maxillary  ligaments,  which  pass  from  the 
styloid  processes  to  the  angles  of  the  bone  :  when  projected 
forward,  the  jaw  is  drawn  back  by  the  posterior  fibres 
of  the  temporal  muscles.    When  the  elevator,  depressor, 
protractor,  and  retractor  muscles  are  successively  brought 
into  action,  the  lateral  or  grinding  movements  of  the 
bone,  so  important  in  mastication,  are  produced. 

Along  with  the  movements  of  the  lower  jaw  those  of  the 
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hyoid  bone  and  larynx  must  be  considered,  for  the  digastrics, 
the  genio-  and  mylo-hyoids,  which,  when  their  fixed  ends 
are  at  the  hyoid,  depress  the  lower  jaw,  act,  when  their 
mandibular  ends  are  fixed,  along  with  the  stylo-hyoid 
muscles  in  elevating  the  hyoid  bone  and  larynx.  These 
structures  are  depressed  or  drawn  downwards  by  the  action 
of  the  sterno-hyoids,  sterno-thyroids,  thyro-hyoids,  and 
omo-hyoids.  The  elevation  of  the  hyoid,  when  drawn  down 
by  its  depressor  muscles,  is  also  efi'ected  by  the  elastic 
stylo-hyoid  ligaments  attached  to  its  small  cornua,  which, 
by  their  recoil  when  the  depressor  muscles  have  ceased 
to  contract,  draw  the  bone  up  to  its  former  position. 

Numerous  muscles  are  situated  immediately  beneath  the 
skin  of  the  scalp  and  face.    They  are  not  of  so  deep  red  a 
colour  as  the  muscles  of  the  trunk  and  limbs,  and  whilst 
they  arise  from  one  or  other  of  the  bones  of  the  head,  they 
are  inserted  into  the  deep  surface  of  the  skin  itself.  Hence 
when  they  contract  they  move  the  skin  of  the  scalp  and  face, 
and  as  they  are  the  instruments  through  which  the  various 
passions  and  emotions  are  expressed,  they  are  grouped 
together  as  the  Muscles  of  Expressimi.    The  occipito- 
frontalis,  or  great  muscle  of  the  scalp,  passes  from  the 
occipital  bone  over  the  vertex  to  the  forehead;  when 
it  contracts,  the  skin  of  the  forehead  is  wrinkled  trans- 
versely, the  eyebrows  are  elevated,  and  an  expression  of 
amazement  or  surprise  is  produced.    Some  persons  have  a 
greater  power  over  this  muscle  than  others,  and  by  the  alter- 
nate contraction  of  its  occipital  and  frontal  portions  can 
move  the  hairy  scalp  to  and  fro  with  great  rapidity.   A  pair 
of  muscles,  the  cornigatores  superciUi,  arises  from  the  supra- 
ciliary  ridges,  on  the  frontal  bone,  to  be  inserted  into  the 
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eyebrows  :  they  draw  the  eyebrows  downwards  and  in- 
wards, wrinkle  the  skin  of  the  forehead  longitudinally, 
and  contract  with  great  vigour  in  the  act  of  frowning. 
The  auricle  of  the  external  ear  has  three  small  muscles 
inserted  into  it,  one  behind,  the  posterior  auricular  muscle, 
one  above,  the  superior,  one  in  front,  the  anterior :  in 
man,  as  a  rule,  these  muscles  are  feeble,  and  have  little 
action ;  but  in  many  mammals  they  are  large,  and  by  them 
the  animal  pricks  its  ears  to  detect  the  faintest  sound  of 
danger.  The  eyelids  are  drawn  together,  so  as  to  close  the 
eye  as  in  the  act  of  sleep,  by  the  orbicularis  palpebrarum, 
the  fibres  of  which  lie  in  the  eyeHds  and  on  the  borders  of 
the  orbit,  and  surround  the  fissure  between  the  eyelids. 
This  muscle  is  a  characteristic  specimen  of  the  group  of 
sphincter  muscles,  i.e.,  muscles  which  surround  orifices,  and 
by  their  contraction  close  them.  When  the  upper  fibres  of 
the  muscle  alone  contract,  the  upper  eyelid  is  depressed, — 
a  movement  which  takes  place  almost  involuntarily  and 
with  great  frequency  during  our  waking  hours,  so  as  to 
wash  the  tears  over  the  exposed  part  of  the  eyeball  and 
keep  it  moist.  In  expressing  a  "  knowing  wink,"  the 
lower  fibres  alone  of  the  orbicularis  contract,  and  the  lower 
lid  is  elevated.  The  elevation  of  the  upper  lid,  as  in 
opening  the  eye,  is  due  to  the  levator  palpebrte  superioris, 
which,  arising  within  the  orbit,  is  inserted  into  the  upper 
eyelid.  Muscles  are  inserted  into  the  cartilaginous  frame- 
work of  the  nostrils  so  as  to  increase  or  diminish  the  size  of 
their  orifices,  and  thus  to  promote  or  impede  the  passage  of 
air  into  the  nose.  The  size  of  the  orifice  is  increased  by 
two  elevator  muscles  inserted  into  the  ala,  or  side  of  the 
nostril ;  and  when  viole  nt  exercise  is  being  performed,  or 
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respiration  is  from  any  cause  impeded,  tlie  nostrils  are 
always  widely  dilated.  One  of  these  elevator  muscles, 
which,  also  sends  a  slip  down  to  the  upper  lip,  and  is  con- 
sequently called  the  common  elevator,  is  the  muscle  by 
the  contraction  of  which  a  sneer  is  expressed.  A  partial 
closure  of  the  nostril  can  be  effected  by  small  muscles 
which  depress  and  compress  the  alse  of  the  nose  :  in  man 
these  muscles  are  rudimentary  as  compared  with  the  seal 
and  other  aquatic  mammals,  in  which  a  powerful  sphincter 
muscle  closes  the  nostrils  in  the  act  of  diving.  The  hps 
can  be  elevated  or  depressed  so  as  to  close  or  open  the 
mouth ;  they  can  be  protruded  or  retracted,  or  the  corners 
of  the  mouth  can  be  drawn  to  one  side  or  the  other,  by 
the  action  of  various  muscles  which  are  inserted  into 
these  movable  folds  of  the  integument.  The  orbicularis 
oris  is  a  sphincter  muscle,  the  fibres  of  which  lie  both 
in  the  upper  and  lower  lips;  by  its  contraction  the 
mouth  is  closed  and  the  lips  pressed  against  the  teeth, 
as  when  a  firm  resolution  is  intended  to  be  expressed. 
The  mouth  is  opened  by  the  elevator  muscles  of  the  upper 
and  the  depressors  of  the  lower  hp  ;  it  is  transversely  elon- 
gated by  the  zygomatic  and  risorius  muscles,  which  pass  to 
its  corners,  and  which  are  brought  into  action  in  the  acts 
of  smiling  and  laughing.  But  the  muscles  of  the  lips  also 
play  an  important  part  in  connection  with  the  reception 
of  food  into  the  mouth,  and  with  the  act  of  articulation. 

The  cavity  of  the  mouth  forms  the  commencement  of 
the  aHmentary  canal,  and  is  Kned  by  a  soft  mucous  mem- 
brane. In  it  the  teeth  and  tongue  are  situated,  and 
into  it  the  secretion  caUed  saUva  is  poured.  It  opens 
behind  into  the  pharynx.    The  side  waUs  of  the  mouth 
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are  called  the  cheeks,  and  into  the  formation  of  each  cheek 
a  flattened  quadrilateral  muscle,  the  buccinator  (Fig.  20, 
a),  enters. 


This  muscle  is  attached  above  and  below  to 


n«u^r  ',  %  '^'"^^'^  ^"^  pharynx,  a,  buccinator;  b,  tensor;  c,  levator 
palati;  d,e,f,  superior,  middle,  and  inferior  constrictors;   g.  thyro-hyoid ; 

VI  J^in  ^  mylo-hyoid;    m,  crico-thyroid ;    n,  stylo-pliaryngeus;  o, 

rnn.Hfit^t   ',  «'hich  gives  origin  to  buccinator  and  superio^ 

snnpriir  1^'    '  S  "8so-pharyngeal  nerve;  2,  superior  laryngeal  artery;  3, 

n^^""'  i""'^'''  t°  crico-thyroid  muicle;  6,  inferior 

laryngeal  nerve  and  artery. 

the  upper  and  lower  jaw-bones,  behind  to  the  pterygo- 
maxillary  ligament,  to  which  the  upper  constrictor  muscle 
(d)  ia  also  connected,  so  that  the  walls  of  the  mouth  and 
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pharynx  are  continuous  with  each  other,  whilst  in  front 
the  buccinator  blends  with  the  structures  in  the  Hps.  It 
compresses  the  cheeks,  and  drives  the  air  out  of  the  cavity 
of  the  mouth  as  in  playing  a  wind  instrument ;  hence  the 
name,  "  trumpeter's  muscle." 

The  aperture  of  communication  between  the  mouth  and 
pharynx  is  named  the  isthmus  of  the  fauces.  It  is  bounded 
below  by  the  root  of  the  tongue,  on  each  side  by  the  tonsils, 
and  above  by  the  soft  palate.  The  soft  palate  is  a  structure 
which  hangs  pendulous  from  the  posterior  edge  of  the  hard 
bony  palate.  From  its  centre  depends  an  elongated  body, 
the  uvula,  and  from  each  of  its  sides  two  folds  extend,  one 
downwards  and  forwards  to  the  tongue,  the  other  down- 
wards and  backwards  to  the  pharynx.  These  folds  are 
called  the  anterior  and  jjosterior  jjillars  of  the  fauces  or 
palate.  Between  the  anterior  and  posterior  pillar,  on  each 
side,  the  tonsil  is  seated.  The  soft  palate  and  its  pillars  are 
invested  by  the  mucous  lining  of  the  mouth  and  pharynx, 
and  contain  small  but  important  muscles.  The  muscles  of 
the  soft  palate  and  uvula,  termed  the  elevators  and  tensors, 
raise  and  make  them  tense  during  the  process  of  deglutition. 
The  muscles  of  the  posterior  pillars,  or  palato-pharyngei,  by 
their  contraction,  approximate  the  waUs  of  the  pharynx  to 
the  soft  palate  and  uvula,  whilst  the  muscles  of  the  anterior 
pillars,  or  palato-glossi,  diminish  the  size  of  the  fauces. 

The  pharynx  is  a  tube  with  muscular  walls,  lined  by  a 
mucous  membrane,  which  communicates  above  and  in  front 
with  the  cavities  of  the  nose,  mouth,  and  larynx,  whilst 
below  it  is  continuous  with  the  oesophagus  or  gullet.  It 
serves  as  the  chamber  or  passage  down  which  the  food 
goes  from  the  mouth  to  the  oesophagus  in  the  act  of 
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swallowing,  and  through,  which  the  air  is  transmitted  from 
the  nose  or  mouth  to  the  larynx  in  the  act  of  breathing. 
It  lies  immediately  behind  the  nose,  mouth,  and  larynx, 
and  in  front  of  the  iive  tii^per  cervical  vertebrae.  Its 
length  is  from  4 J  to  5 inches;  its  widest  part  is  opposite 


Fig.  21. — Interior  of  the  pharynx,  seen  by  openinp;  its  posterior  wall,  a,  o, 
Eustachian  tube;  6,  b,  tensor;  c,  levator  palati;  d,  levator  uvnlre;  e,  e,  palato- 
pharyngeus,  cut  through  on  the  right  side  to  show  I,  the  tonsil;  /,  palato- 
glossus ;  g,  h,  &,  the  three  constrictors. 

the  back  of  the  mouth.  The  principal  muscles  in  its  walls 
are  caUed  the  constrictors,  and  are  named,  from  above 
downwards,  superior,  middle,  and  inferior  (Fig.  20,  21). 
They  are  arranged  in  pairs,  and  arise  from  the  cartilages  of 
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the  larynx,  from  the  hyoid  bone,  lower  jaw,  and  internal 
pterygoid  processes  of  the  sphenoid;  whilst  the  superior 
pair  also  spring  from  the  pterygo-maxiUary  ligaments;  their 
fasciculi  curve  backwards  to  the  middle  line  of  the  posterior 
wall  of  the  pharynx,  to  be  inserted  into  a  tendinous  band 
which  extends  longitudinally  along  this  wall  of  the  tube 
to  be  attached  above  to  the  basi-occipital. 

The  action  of  the  muscles  of  the  mouth,  palate,  and 
pharynx  may  now  be  considered  in  connection  with  the 
process  of  deglutition  or  swallowing.  When  the  food  is 
received  into  the  mouth,  it  is  moistened  by  the  secretion  of 
the  salivary  and  other  buccal  glands,  and  is  broken  dovm 
by  the  grinding  action  of  the  molar  teeth.  The  buccinator 
muscles  press  it  from  between  the  gums  and  the  cheeks, 
and,  along  with  the  movements  of  the  tongue,  aid  ia  col- 
lecting it  into  a  bolus  on  the  surface  of  that  organ.  Dur- 
ing the  process  of  mastication  the  palato-glossi  contract  so 
as  to  close  the  fauces.  When  the  bolus  is  sufficiently  tritu- 
rated and  moistened,  the  palato-glossi  relax,  the  tip  of  the 
tongue  is  pressed  against  the  roof  of  the  mouth,  and  by  a 
heave  backward  of  that  organ  the  bolus  is  pressed  through 
the  posterior  orifice  of  the  mouth  into  the  pharynx,  where 
it  is  grasped  by  the  superior  constrictor  muscles,  and  forced 
downwards  by  them  and  the  other  constrictor  muscles  into 
the  oesophagus,  and  thence  into  the  stomach.  As  both 
the  nose  and  larynx  open  into  the  pharynx,  the  one  imme- 
diately above,  the  other  immediately  below  the  orifice  of 
the  mouth,  it  is  of  great  importance  that  none  of  the  food 
should  enter  into  these  chambers,  and  obstruct  the  respira- 
tory passages.  To  guard  against  any  accident  of  this  kind, 
two  valvular  structures  are  provided, — viz.,  the  soft  palate 
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and  the  epiglottis, — ^whicli,  H^Mlst  leaving  the  orifices  into 
their  respective  chambers  open  during  breathing,  may 
effectually  close  them  vrhen  deglutition  is  being  performed. 
As  the  bolus  is  being  projected  through  the  fauces  into  the 
pharynx,  the  soft  palate  and  uvula  are  elevated  and  made 
tense,  and  at  the  same  time  the  wall  of  the  pharynx  is 
brought  in  contact  with  it  by  the  contraction  of  the  palato- 
pharyngei;  the  part  of  the  pharynx  into  which  the  nose  opens 
is  thus  temporarily  shut  off  from  that  into  which  the  mouth 
opens.  If  laughter,  however,  be  excited  at  this  time,  the 
tension  of  the  soft  palate  is  destroyed,  and  part  of  the  food 
may  find  its  way  upwards  into  the  nose.  The  closure  of 
the  larynx  by  the  epiglottis  is  due  partly  to  the  depression 
of  that  valve  and  partly  to  the  elevation  of  the  larynx. 
The  backward  heave  of  the  tongue  relaxes  the  glosso-  and 
hyo-epiglottidean  ligaments  which  connect  the  front  of  the 
epiglottis  to  that  organ,  and  enables  the  small  aryteno- 
epiglottidean  muscles  to  depress  the  valve.  The  eleva- 
tion of  the  hyoid  and  larynx  is  due  to  the  action  of  the 
mylo-hyoid,  digastric,  and  genio-hyoid  muscles,  which 
pass  from  the  lower  jaw  to  the  hyoid,  and  of  the  thyro- 
hyoids, which  pass  from  the  hyoid  to  the  thyroid  cartilage 
of  the  larynx;  preHminary  to  their  action,  the  lower  jaw 
must  be  fixed,  which  is  done  by  the  closure  of  the  mouth 
prior  to  the  act  of  swallowing.  The  aperi;ure  of  the  larynx 
is  thus  brought  into  contact  with  the  depressed  epiglottis, 
which  is  adapted  more  exactly  to  the  opening  by  a  change 
in  Its  form  due  to  the  projection  of  a  cushion-Hke  pad 
from  its  posterior  surface.  By  these  ingenious  arrange- 
ments the  nose  and  larynx  are  temporarUy  shut  off  from 
the  buccal  part  of  the  pharynx,  and  the  adaptation  of  a 
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single  chamber  to  the  very  different  functions  of  breathing 
and  swallowing  is  effectively  provided  for. 

Joints  and  Muscles  of  the  Upper  Limb. 

The  upper  limb  is  jointed  to  the  trunk  at  the  sterno- 
clavicular articulation.  This  is  a  diarthrodial  joint:  the 
bones  are  retained  together  by  investing  ligaments;  and  a 
meniscus  is  interposed  between  the  articular  surfaces,  so 
that  the  joint  possesses  two  synovial  membranes.  A  strong 
costo-clavicular  ligament,  which  checks  too  great  upward 
movement,  connects  the  clavicle  and  ffrst  rib,  and  the 
inner  ends  of  the  clavicles  are  connected  by  the  inter- 
clavicular  ligament.  The  two  bones  of  the  shoulder  girdle 
articulate  with  each  other  at  the  diarthrodial  acromio- 
clavicular joint,  which  possesses  a  capsular  ligament;  but, 
in  addition,  a  strong  coraco-clavicular  ligament,  which 
checks  too  great  displacement  of  the  bones,  passes  be- 
tween the  clavicle  and  coracoid.  The  movements  of  the 
upper  limb  on  the  trunk  take  place  at  the  sterno-clavicular 
joint,  and  consist  in  the  elevation,  depression,  and  forward 
and  backward  movement  of  the  shoulder.  The  movements 
at  the  acromio-clavicular  joint  occur  when  the  scapula  is 
rotated  on  the  clavicle  in  the  act  of  elevating  the  arm 
above  the  head.  The  muscles  which  cause  these  move- 
ments are  inserted  into  the  bones  of  the  shoulder  girdle; 
the  trapezius  into  the  clavicle,  acromion,  and  spine  of  the 
scapula;  the  rhomboid,  levator  anguli  scapulae,  andserratus 
magnus  into  the  vertebral  border  of  the  scapula;  the  pec- 
toralis  minor  into  the  coracoid  process;  and  the  subclavius 
into  the  clavicle.    Elevation  of  the  entire  shoulder,  as  in 
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slmiffainff  the  shoulders,  is  due  to  the  contraction  of  the 
trapezius,  levator  scapula,  and  rhomboideus ;  depression 
partly  to  the  weight  of  the  hmb  and  partly  to  the  action  of 
the  subclavius  and  pectoralis  minor;  movement  forward  to 
the  serratus  and  pectoralis;  and  backward  to  the  trapezius 
and  rhomboid.  In  rotation  of  the  scapula  on  the  clavicle, 
the  inferior  angle  of  the  scapula  is  drawn  forward  by  the 
serratus  and  lower  fibres  of  trapezius,  and  backward  by  the 
levator  scapulae,  rhomboid,  and  lesser  pectoral. 

The  Shoidder  Joint  is  a  ball-and-socket  joint,  the  ball 
being  the  head  of  the  humerus,  the  socket  the  glenoid  fossa 
of  the  scapula.  A  large  capsular  ligament,  which  is 
pierced  by  the  long  tendon  of  the  biceps  muscle,  and  Hned 
by  a  synovial  membrane,  encloses  the  articular  ends  of 
the  two  bones,  and  is  so  loose  as  to  permit  a  range  of 
movement  greater  than  takes  place  in  any  other  joint  in 
the  body.  The  muscles  which  cause  these  movements  are 
inserted  into  the  humerus;  the  supra-spinatus,  infra- 
spinatus, and  teres  minor  into  the  great  tuberosity;  the 
sub-scapularis  into  the  small  tuberosity;  the  latissimus 
dorsi  and  teres  major  into  the  bottom  of  the  bicipital 
groove;  the  pectoralis  major  iuto  its  anterior  border;  the 
coraco-brachialis  into  the  inner  aspect  of  the  shaft,  and 
the  deltoid,  which  forms  the  fleshy  prominence  of  the 
shoulder,  into  the  outer  aspect  of  the  shaft.  Abduction 
and  elevation,  or  extension  of  the  arm  outwards  at  the 
shoulder  joint,  are  due  to  the  supra-spinatus  and  deltoid; 
adduction  or  depression,  to  the  coraco-brachialis,  latissi- 
mus, and  teres  major,  assisted  by  the  weight  of  the 
hmb;  movement  forwards  and  elevation,  to  the  anterior 
fibres  of  the  deltoid,  pectoralis,  and  subscapularis;  back- 
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ward  movement  to  the  latissimus  and  teres  major;  rota- 
tion outwards  to  the  infra-spinatus  and  teres  minor; 
rotation  inwards  to  the  subscapularis,  pectoralis,  latissi- 
mus, and  teres  major.  A  combination  of  abduction, 
movement  forwards,  adduction,  and  movement  backwards, 
produces  the  movement  of  circumduction.  Certain  move- 
ments of  the  upper  limb,  however,  take  place  not  only 
at  the  shoulder  joint,  but  between  the  two  bones  of  the 
shoulder  girdle ;  for  in  elevating  the  arm,  whilst  the  supra- 
spinatus  and  deltoid  initiate  the  movement  at  the  shoulder 
joint,  the  farther  elevation,  as  in  raising  the  arm  above  the 
head,  takes  place  by  the  trapezius  and  serratus,  which 
rotate  the  scapula  and  draw  its  inferior  angle  forward.  The 
free  range  of  movement  of  the  human  shoulder  is  one  of 

its  most  striking  characters, 
so  that  the  arm  can  be  moved 
in  every  direction  through 
space,  and  its  efficiency  as  an 
instrument  of  prehension  is 
thus  greatly  increased.  The 
movement  of  abduction,  or 
extension,  which  elevates  the 

Fig.  22. — Outline  sketch  of  human  hu-  .     t  •  i     i  •  r 

mems.  The  articular  area  for  com-  arm  in  line  With  the  aXlS  01 
plete  extension  lies  to  the  right  of  the  _  .  . 

dotted  line.  (After  Goodsir.)  the  scapula,  is  characteristi- 

cally human,  and  a  distinct  articular  area  is  provided  on 
the  head  of  the  humerus  for  this  movement. 

The  Elbow  Joint  is  the  articulation  between  the  humerus, 
radius,  and  ulna :  the  great  sigmoid  cavity  of  the  ulna  is 
adapted  to  the  trochlea  of  the  humerus,  and  the  cup  of 
the  radius  to  the  capitellum.  The  joint  is  enclosed  by  a 
capsular  ligament  lined  by  a  synovial  membrane,  which  is 
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subdivided  into  anterior,  posterior,  internal,  and  ex- 
ternal bands  of  fibres.  Flexion  and  extension  are  the 
two  movements  of  the  joint,  and  the  range  of  movement  is 
limited  by  the  locking  at  the  end  of  flexion  of  the  coronoid 
jjrocess  into  the  coronoid  fossa  of  the  humerus,  and  at  the 
end  of  extension  of  the  olecranon  process  into  the  olecranoid 
fossa.  The  elbow  joint  is  a  hinge  with  screwed  surfaces  ; 
the  path  described  by  the  hand  and  fore-arm  is  a  spiral,  so 
that  during  flexion  they  are  throvra  forwards  and  inwards. 
The  muscles  which  cause  the  movements  are  inserted  into 
the  bones  of  the  fore-arm.  The  flexors  are  the  brachialis 
anticus,  inserted  into  the  coronoid  of  the  ulna ;  the  biceps, 
which  forms  the  fleshy  mass  on  the  front  of  the  upper  arm, 
into  the  tuberosity  of  the  radius ;  the  supinator  longus  into 
the  styloid  process  of  the  radius.  The  only  extensor  is  the 
triceps-anconeus,  which  forms  the  fleshy  mass  on  the  back 
of  the  upper  arm,  and  is  inserted  into  the  olecranon. 

The  Radio-ulnar  J oints  are  found  between  the  two  bones 
of  the  fore-arm.  The  head  of  the  radius  rolls  in  the  lesser 
sigmoid  cavity  of  the  ulna,  and  is  retained  in  position  by 
a  ring-like  ligament  which  surrounds  it ;  the  shafts  of  the 
two  bones  are  connected  together  by  the  interosseous 
membrane,  their  lower  ends  by  a  capsular  ligament  and  a 
triangular  fibro-cartilage  or  meniscus.  The  radius  rotates 
about  an  axis  drawn  through  the  centre  of  its  head  and 
the  styloid  process  of  the  ulna ;  rotation  of  the  fore-arm 
and  hand  forward  is  called  pronation, — rotation  backwards, 
supination.  The  supinator  and  pronator  muscles  are  all 
inserted  into  the  radius  :  the  supinators  are  the  supinator 
longus,  supinator  brevis,  and  the  biceps ;  the  pronators 
are  the  pronator  teres  and  pronator  quadratus.  When 
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delicate  manipulation  is  required  the  fore-arm  is  semi- 
flexed on  the  upper  arm,  for  the  cup-shaped  head  of  the 
radius  is  then  brought  into  contact  with  the  capitellum 
of  the  humerus,  and  the  rotatory  movements  of  the  bone 
can  be  performed  with  greater  precision. 

The  Wrist  or  Radio-carpal  Joint  is  formed  above  by  the 
lower  end  of  the  radius  and  the  triangular  meniscus,  below 
by  the  upper  articular  surfaces  of  the  scaphoid,  semi-lunar, 
and  cmieiform  bones.  An  investing  ligament,  lined  by  a 
synovial  membrane,  and  subdivided  into  anterior,  posterior, 
internal,  and  external  bands  of  fibres,  encloses  the  joint. 
It  is  the  oblong  form  of  hinge-joint,  and  possesses  two 
axes,  a  long  and  a  short ;  about  the  long  axis  movements 
occur  which  bend  the  hand  forwards,  or  bring  it  in  line 
with  the  fore-arm,  or  bend  it  backwards ;  about  the  short 
axis  the  hand  may  be  moved  towards  the  radial  or  ulnar 
margins  of  the  fore-arm.  The  flexors  forward  are  the 
palmaris  longus,  inserted  into  the  palmar  fascia ;  the  flexor 
carpi  radiaUs  into  the  metacarpal  bone  of  the  index;  the 
flexor  carpi  ulnaris  into  the  pisiform  bone;  the  extensors 
and  flexors  backwards  are  the  longer  and  shorter  radial 
extensors  inserted  into  the  metacarjDal  bones  of  the  index 
and  middle  fingers,  and  the  ulnar  extensor  into  the  meta- 
carpal bone  of  the  little  finger ;  the  flexors  and  extensors 
of  the  fingers  have  also  a  secondary  action  on  the  wrist 
joint.  The  ulnar  flexor  and  ulnar  extensor  of  the  wrist 
draw  the  hand  to  the  ulnar  side,  and  the  radial  flexor  and 
longer  extensor,  together  with  the  extensors  of  the  thumb, 
draw  the  hand  towards  the  radial  border  of  the  fore-arm. 

The  Carpal  and  Garjpo-nietacar'pal  Joints  ?ix&  constructed 
thus  :— The  articular  surfaces  are  retained  in  contact  by 
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dorsal  ligaments  passing  between  the  dorsal  surfaces  of 
adjacent  bones,  by  palmar  between  their  palmar  surfaces, 
and  by  interosseous  ligaments  between  the  semi-lunar  and 
cuneiform,  semi-lunar  and  scaphoid,  os  magnum  and  unci- 
form, OS  magnum  and  trapezoid ;  lateral  ligaments  also 
attach  the  scaphoid  to  the  trapezium,  and  the  cuneiform  to 
the  unciform.  Similarly,  the  trapezoid,  os  magnum,  and 
unciform  are  connected  to  the  metacarpal  bones  of  the 
fingers  by  dorsal,  palmar,  and  interosseous  ligaments,  and 
the  metacarpal  bones  of  the  fingers  have  a  like  mode  of 
union  at  their  carpal  ends ;  further,  a  transverse  ligament 
extends  between  the  distal  ends  of  the  metacarpal  bones  of 
the  fingers,  and  checks  too  great  lateral  displacement.  The 
range  of  movement  at  any  one  of  these  carpal  joints  is  very 
slight,  but  the  multiplicity  of  joints  in  this  locality  con- 
tributes to  the  mobiHty  of  the  wrist,  and  gives  elasticity 
to  the  junction  between  the  hand  and  fore-arm.  The 
metacarpal  bone  of  the  thumb  is  not  jointed  to  the  index, 
and  has  a  distinct  saddle-shaped  articulation  with  the 
trapezium,  invested  by  a  capsular  ligament,  so  that  its 
range  of  movement  is  extensive. 

The  Metacarpophalangeal  and  Inter-phalangeal  Joints 
are  connected  by  lateral  ligaments  passing  between  the 
bones,  and  by  an  arrangement  of  fibres  on  their  dorsal  and 
palmar  surfaces. 

In  studying  the  muscles  which  move  the  digits,  it  will 
be  advisable,  on  account  of  the  freedom  and  importance  of 
the  movements  of  the  thumb,  to  examine  its  muscles  inde- 
pendently. These  muscles  either  pass  from  the  fore-arm  to 
the  thumb,  or  are  grouped  together  at  the  outer  part  of  the 
palm,  and  form  the  elevation  known  as  the  ball  of  the 
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thumb  ;  they  are  inserted  into  either  its  metacarpal  bone 
or  phalanges.    The  thumb  is  extended  and  abducted, 

i.e.,  drawn  away  from  the 
index,  by  three  extensor 
muscles  descending  from  the 
back  of  the  fore-arm,  and 
inserted  one  into  the  proximal 
end  of  each  of  its  three  bones, 
and  a  small  muscle,  specially 
named  abductor  polhcis,  in- 
serted into  the  radial  side  of  the 
base  of  the  first  phalanx  :  its 
bones  are  bent  on  each  other 
by  a  long  and  short  flexor 
muscle ;  the  long  is  inserted 
into  the  base  of  the  second,  the 
short  into  the  base  of  the  first 
l^halanx;  it  is  drawn  back  to 
the  index  by  an  adductor 
muscle  inserted  into  the  idnar 
side  of  the  base  of  the  first 

Fig.  23. — Deep  muscles  of  the  palm  of     ,    ,  i  xt. 

the  hand.  1,  abductor  poiiicis  cut  phalanx  ;  anatne  entire 

short :  2,  opponcns ;  3  and  4,  sub-  . 
divisions  of  flexor  brevis ;   5,  ad-  thumb  IS    thrOWn  acrOSS  the 
ductqr;  6, 6',  tendon  of  long  flexor  i       i  .i 

of  thumb ;  7,  abductor  of  the  little  surface  of  the  palm  by  the 

linger ;  8,  short  flexor ;  9,  opponens ;  . 

10,  tendon  of  flexor  carpi  ulnaris ;  opponenS    polllClS,    whlch  IS 

11,  tendon  of  long  supinator ;  ft 

transverse  metacarpal  ligament.  inserted  intO  the  shaft  of  the 

metacarpal  bone. 

The  four  fingers  can  be  either  bent,  or  extended,  or 
drawn  asunder,  i.e.,  abducted;  or  drawn  together,  i.e., 
adducted.  The  ungual  phalanges  can  be  bent  by  the 
action  of  the  deep  flexor  muscle,  the  four  tendons  of  which 
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are  inserted  into  them ;  the  second  phalanges  by  the  super- 
ficial flexor,  also  inserted  by  four  tendons,  one  into  eacli 
phalanx ;  these  muscles  descend  f i:om  the  front  of  the  fore- 
arm into  the  palm  in  front  of  the  wrist,  where  they  are 


Fig.  24.— Tendons  attached  to  a  finger,  o,  the  extensor  tendon ;  b,  deep  flexor; 
c,  superficial  flexor ;  d,  a  lumtrical  muscle ;  e,  an  interosseous  muscle ; 
f,  tendinous  expansion  from  the  lumbrical  and  interosseous  muscles  joining 
the  extensor  tendon. 


enclosed  in  a  canal  by  a  strong  band,  the  anterior  annular 
ligament,  and  their  surfaces  are  invested  by  a  synovial 
membrane,  which  facilitates  their  movements  to  and  fro 
beneath  that  ligament ;  as  they  pass  downwards  in  front  of 
the  fingers  they  are  enclosed  in  a  strong  fibrous  sheath 
lined  by  a  synovial  membrane,  and  the  tendon  of  the  super- 
ficial flexor  is  pierced  by  the  deep  flexor,  so  that  the  latter 
may  reach  the  third  phalanx  into  which  it  is  inserted. 
Four  rounded  muscles,  the  lumbricales,  arise  in  the  palm 
from  the  deep  flexor  tendons,  turn  round  the  radial  borders 
of  the  first  phalanges,  and  are  inserted  one  into  the  extensor 
tendon  on  the  dorsum  of  each  finger;  these  muscles  bend 
the  first  phalanges  on  the  metacarpal  bones,  but  from  their 
msertion  into  the  extensor  tendons  they  also  extend  the 
second  and  third  phalanges,  on  the  first ;  as  they  are  much 
used  in  playing  stringed  instruments,  they  have  been  called 
"fiddlers' muscles."  Thefingers  are  extended  or  straightened 
by  muscles  inserted  into  the  back  of  the  second  and  third 
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phalanges  ;  tlie  extensor  muscles  descend  from  the  back  of 
the  fore-arm, — one,  the  common  extensor,  subdivides  into 
four  tendons,  one  for  each  finger,  but  in  addition  the  index 
and  little  have  each  a  separate  extensor  muscle,  the  tendon 
of  which  joins  that  of  the  common  extensor  passing  to  the 
same  finger.    The  index  finger  possesses  more  indepen- 
dent movement  than  the  other  digits — Whence  its  more 
frequent  use  as  a  "  pointer;"  the  extensor  tendons  of 
the  little  and  ring  fingers  are  usually  united  together, 
so  that  these  digits  are  associated  in  their  movements. 
Abduction  and  adduction  of  the  fingers  are  caused  by 
seven  small  muscles  situated  in  the  intervals  between 
the  metacarpal  bones, — hence  called  interossei;  four  of 
these  lie  on  the  back  of  the  hand,  three  on  its  palmar 
surface;  they  are  inserted  into  the  sides  of  the  first 
phalanges,  and  either  pull  the  fingers  away  from  a  line 
drawn  through  the  middle  finger  or  approximate  them  to 
that  line.    Too  great  abduction  is  checked  by  the  trans- 
verse metacarpal  ligament.  The  human  hand  is  a  perfect  in- 
strument of  prehension;  not  only  can  the  individual  fingers 
be  bent  into  hooks,  but  the  thumb  can  be  thrown  across  the 
front  of  the  palm,  so  that  it  can  be  opposed  to  the  several 
fingers,  and  objects  can  therefore  be  grasped  between  it  and 
them ;  but  further,  this  power  of  opposing  the  thumb  permits 
objects  to  be  held  in  the  pahn  of  the  hand,  which  may  be 
hoUowed  into  a  cup  or  made  to  grasp  a  sphere.  The 
movements  of  the  joints  are  indicated  on  the  surface  of 
the  pahn  by  tegumentary  folds,— an  oblique  fold  for  the 
thumb,  and  two  oblique  folds  for  the  metacarpo-phalangeal 
joints  of  the  fingers ;  the  joints  of  the  second  and  third 
phalanges  are  also  marked  on  the  surface  by  folds. 
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Joints  and  Muscles  of  the  Lower  Limb. 

The  innominate  bones  are  connected  to  the  spinal  column 
by  the  sacro-iliac  joints  and  the  sacro-sciatic  ligaments.  The 
Sacro-iliac  Joint  is  between  the  side  of  the  sacrum  and  the 
internal  surface  of  the  ihimi,  the  articular  surfaces  of  which 
bones  are  covered  by  cartilage,  and  connected  together 
by  short,  strong  sacro-iliac  ligaments.  The  Sacro-Sciatic 
ligaments  stretch  from  the  side  of  the  sacrum  and  coccyx 
to  the  spine  and  tuberosity  of  the  ischium.  The  two 
innominate  bones  are  also  connected  together  at  the  puhic 
symphysis,  which  is  an  amphiarthrodial  joint.  The  sacro- 
iliac joints  and  pubic  symphysis  permit  only  slight  move- 
ment; that  at  the  former  is  about  an  imaginary  axis, 
drawn  transversely  through  the  second  sacral  vertebra,  which 
allows  the  base  of  the  sacrum  to  be  thrown  forward  and  its 
apex  backward  in  the  stooping  position  of  the  body;  but 
too  great  movement  backward  of  the  apex  is  checked  by 
the  sacro-sciatic  ligaments.  As  the  weight  of  the  trunk, 
or  of  what  may  be  carried  in  the  arms  or  on  the  back,  is 
transmitted  through  the  haanch-bones  to  the  lower  limbs, 
the  sacro-iliac  ligaments  require  to  be  of  great  strength, 
because  the  sacrum,  and  with  it  the  entire  trunk,  are  sus- 
pended by  them  on  the  two  innominate  bones. 

The  Hip  Joint  is  a  ball-and-socket  joint;  the  ball  is  the 
head  of  the  femur,  and  the  socket  the  cup-shaped  acetabu- 
lum in  the  haunch  bone,  the  depth  of  the  cup  being  in- 
creased by  a  ligament  which  is  attached  around  the  brim. 
A  large  capsular  ligament,  which  is  especially  strengthened 
m  front  by  an  ilio-femoral  band,  encloses  the  articular  sur- 
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faces.     The  ligament  is  lined  by  a  synovial  membrane, 
which  also  invests  the  neck  of  the  thigh  bone.  Within 
the  joint  is  the  round  or  suspensory  ligament  attached 
to  the  head  of  the  thigh  bone  and  to  the  sides  of  the 
depression  at  the  bottom  of  the  acetabulum.    "Whilst  the 
hip  joint  possesses  considerable  mobility,  it  has  much 
more  stability  than  the  shoulder,  owing  to  the  aceta- 
bulum being  deeper  than  the  glenoid  fossa,  and  the  greater 
strength  and  tension  of  the  fibres  of  its  capsular  ligament- 
The  muscles  which  move  the  thigh  at  the  hip  joint  are 
situated  either  behind  the  joint,  where  they  form  the 
fleshy  mass  of  the  buttock,  or  at  the  front  and  the  inner 
side  of  the  thigh.     They  are  inserted  either  into  the 
femur  or  fascia  lata,  and  the  great  and  small  trochanters 
and  linea  aspera  serve  as  their  principal  surfaces  of  attach- 
ment.   The  thigh  can  be  bent  on  the  abdomen  by  the 
action  of  the  psoas,  iliacus,  and  pectineus,  which  He  in 
front  of  the  joint;  it  can  be  extended  or  drawn  into 
line  with  the  trunk  by  the  glutgeus  maximus  and  medius 
it  can  be  abducted  or  drawn  away  from  the  opposite  thigh 
by  the  gluteus  maximus,  medius,  and  minimus,  which 
muscles  are  of  large  size,  and  form  the  fleshy  mass  of  the 
buttocks.    It  can  be  adducted  or  drawn  to  touch  its 
fellow,  or,  if  slightly  bent,  drawn  in  front  of  its  fellow,  by 
the  adductor  longus,  brevis,  and  magnus,  which  muscles  are 
inserted  into  the  Knea  aspera,  and  form  the  fleshy  mass  on 
the  inner  side  of  the  thigh ;  and  by  the  pectineus  and  quad- 
ratus  femoris.    It  can  be  rotated  outwards  by  the  obturator 
and  gemelli  muscles,  the  glutseus  maximus,  pyi'iformis,  and 
quadratus  femoris;  and  rotated  inwards  by  the  glutseus 
medius,  minimus,  and  tensor  fascite  femoris.    In  standing 
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-erect  the  Hp  joints  are  fully  extended,  and  the  mechanical 
arrangements  in  and  around  these  articulations  are  such 
as  to  enable  them  to  be  retained  in  the  extended  position 
with  but  a  smaU  expenditure  of  muscular  power.  As  the 
weight  of  the  body  in  the  erect  attitude  faUs  behind  the 
joints,  the  strong  anterior  fibres  of  their  capsular  liga- 
ments are  made  tense,  and  the  extended  position  of  the 
joints  is  preserved.  So  long  as  the  centre  of  gravity  falls 
within  the  basis  of  support  of  the  body,  i.e.,  the  space 
between  the  two  feet  when  standing  on  both  legs,  the  body 
wiU  not  fall.  If  the  body  is  made  to  lean  forward,  then 
the  capsular  ligament  is  no  longer  tense,  and  the  glutseal 
muscles  are  put  in  action  to  re-extend  the  trunk  on  the 
thigh,  and  prevent  it  from  falling  forward  ;  if  the  body  is 
made  to  lean  to  one  side  or  the  other,  the  round  ligament 
is  made  tense,  or  the  strong  Uio-tibial  band  of  the  fascia 
lata  of  the  thigh,  which  stretches  from  the  ihum  to  the 
tibia,  is  put  on  the  stretch,  and  falling  sideways  is  pre- 
vented. When,  in  standing  erect  either  on  one  or  both 
feet,  the  balance  of  the  body  is  disturbed,  then  various 
muscles  both  of  the  trunk  and  lower  limb  are  brought  into 
action  to  assist  in  preserving  the  erect  position.  In  the 
erect  position  the  weight  of  the  trunk  is  transmitted 
through  the  acetabula  to  the  heads  of  the  thigh-bones,  but 
the  position  and  connections  of  the  round  ligament  enable 
it  to  suspend  that  portion  of  the  trunk  the  weight  of  which 
is  thrown  upon  it,  and  to  distribute  the  weight  over  the 
head  of  the  femur. 

The  Knee  is  the  largest  and  most  complicated  joint  in 
the  body.  It  consists  of  the  femur,  tibia,  and  patella. 
The  patella  moves  up  and  down  the  trochlear  surface  of 
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the  femur,  wliilst  the  condyles  of  the  femur  roll  upon  the 
semilunar  cartilages  and  articular  surfaces  of  the  tibia, 
A  powerful  investing  ligament,  which  is  subdivided  into 
bands,  encloses  the  articular  surfaces.  One  band  lies  on 
each  side  of  the  joint,  viz.,  the  internal  and  external  lateral 
ligaments;  one  behind,  a  posterior;  and  one  in  front,  an 
anterior  ligament.  The  anterior  extends  from  the  patella  to 
the  anterior  tubercle  of  the  tibia,  and  serves  both  as  a 
ligament  and  as  the  tendon  of  insertion  of  the  extensor 
muscles  of  the  leg.  Within  the  investing  ligament  two 
interarticular  or  crucial  ligaments  pass  from  the  inter- 
condyloid  fossa  to  the  upper  surface  of  the  tibia;  and 
interposed  between  the  tibia  and  femoral  condyles  are 
two  menisci,  which  from  their  shape  are  called  the  semi- 
lunar cartilages.  The  synovial  membrane  not  only  lines 
the  investing  ligaments,  but  covers  the  front  of  the  femur 
for  some  distance  above  the  trochlea,  and  forms  folds  or 
pads  within  the  joint  itself,  which  in  certain  movements 
are  interposed  between  the  articular  surfaces  of  the  bones. 
The  movements  at  this  joint  are  those  of  flexion  and  exten- 
sion. The  flexors  are  the  three  great  muscles  on  the  back 
of  the  thigh,  called  the  ham-strings ;  they  all  arise  from 
the  ischial  tuberosity,  and  are  inserted — the  biceps  into 
the  head  of  the  fibula,  the  semi-tendinosus  and  semi-mem- 
branosus  into  the  upper  end  of  the  tibia.  The  extensors 
form  the  fleshy  mass  on  the  front  and  outer  side  of  the 
thigh ;  one  muscle,  the  rectus,  arises  from  the  ilium — the 
others,  the  vasti,  from  the  shaft  of  the  femur ;  and  they  are 
all  inserted  by  a  powerful  tendon  into  the  patella,  and 
through  the  anterior  ligament  of  the  knee  into  the  tibia. 
The  patella  is  indeed  a  sesamoid  bone,  developed  in  the 
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tendon  of  these  muscles  (Fig.  18).  The  knee  can  be  bent 
so  that  the  calf  can  touch  the  back  of  the  thigh,  and  in 
this  position  the  patella  is  drawn  down  in  front  of  the 
joint,  as  in  kneeling.  The  articular  surface  of  the  patella 
is  divided  into  seven  areas  or  facets,  and  in  passing  from 
the  bent  to  the  extended  position  of  the  joint,  these  facets 
come  successively  into  contact  with  the  articular  surface  of 
the  femur,  until,  when  the  leg  is  fuUy  extended  on  the 
thigh,  the  whole  of  the  patella  is  raised  above  the  femoral 
trochlea,  except  the  lowest  pair  of  narrow  facets.  It  is  in 
order  to  provide  a  smooth  surface  for  the  patella  in  this 
position  that  the  synovial  membrane  of  the  joint  covers 
the  front  of  the  lower  end  of  the  femur,  and  the  membrane 
is  drawn  upwards  by  the  action  of  the  small  sub-crurseus 
muscle.  At  the  commencement  of  flexion  a  slight  rotation 
inwards  of  the  leg  and  foot  takes  place  through  the  action 
of  the  sartorius,  gracilis,  and  semi-tendinosus,  which  are 
inserted  close  together  into  the  inner  surface  of  the  shaft  of 
the  tibia ;  whilst  the  extensor  muscles  cause,  at  the  com- 
pletion of  extension,  a  slight  rotation  outwards  of  the  leg 
and  foot.  The  movements  of  flexion  and  extension  are  not 
simply  in  the  antero-posterior  plane,  but  along  oblique 
paths,  which  are  determined  by  the  screwed  configuration 
of  the  femoral  condyles.  In  complete  extension  of  the  leg 
the  joint  is  "screwed  home  j"  and  as  this  position  is 
necessary  for  the  preservation  of  the  erect  attitude,  the 
lateral,  the  posterior,  and  the  anterior  crucial  ligaments 
are  then  all  tense,  to  prevent  displacement  of  the  bo  \es. 
The  muscles  which  rotate  the  leg  and  foot  inwards 
initiate  the  act  of  flexion  by  unlocking  the  joint. 

The  Tihio-fihiilar  Joints  between  the  upper  and  lower 
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ends  of  the  tones  possess  investing  ligaments  lined  by 
synovial  membrane,  and  a  strong  interosseous  ligament 
binds  together  the  lower  ends  of  the  tibia  and  fibula.  An 
interosseous  membrane  fills  up  the  interval  between  their 
shafts.  The  movement  between  the  two  bones  is  almost 
inappreciable. 

The  Ankle  Joint  is  formed  by  the  convex  upper  and  the 
lateral  surfaces  of  the  astragalus  fitting  into  the  concavity 
formed  by  the  lower  end  of  the  tibia  and  the  two  malleoli. 
An  investing  ligament,  Hned  by  synovial  membrane, 
encloses  the  joint;  the  lateral  portions  of  this  Hgament 
form  distinct  bands,  and  are  much  stronger  than  the 
anterior  and  posterior  fibres.  A  diarthrodial  joint  also 
exists  between  the  astragalus  and  os  calcis,  between  which 
bones  a  powerful  interosseous  ligament  passes.  Between 
the  astragalus  and  scaphoid,  and  the  os  calcis  and  cuboid, 
important  diarthrodial  joints  are  found,  which  are  enclosed 
by  ligamentous  bands.  The  astragalo-scaphoid  joint  is 
completed  below  by  the  strong  inferior  calcaneo-scaphoid 
ligament,  on  which  the  head  of  the  astragalus  rests.  The 
remaining  tarsal  bones  are  connected  together  usually  by 
dorsal,  plantar,  and  interosseous  ligaments,  and  a  similar 
mode  of  union  is  found  between  the  distal  row  of  tarsal 
bones  and  the  metatarsals,  except  between  the  great  toe  and 
ento-cuneiform,  where  there  is  no  interosseous  ligament. 
The  four  outer  metatarsals  are  also  connected  at  their 
proximal  ends  by  distal,  plantar,  and  interosseous  liga- 
ments; and  further,  a  transverse  metatarsal  ligament 
passes  between  the  distal  ends  of  all  the  metatarsal 
bones.  The  metatarsal  bones  articulate  with  the  pha- 
langes, and  the  phalanges  with  each  other,  in  a  simHar 
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manner  to  that  described  in  the  corresponding  bones  of 
the  hand. 

At  the  ankle  joint  movements  of  flexion  and  extension 
take  place.  The  dorsum  of  the  foot  is  bent  towards  the 
front  of  the  leg  by  the  direct  action  of  the  muscles  on  the 
front  of  the  leg,  more  especially  the  tibialis  anticus,  inserted 
into  the  ento-cuneiform  and  metatarsal  of  great  toe,  and 
the  peroneus  tertius,  inserted  into  the  metatarsal  of  little 
toe.  The  opposite  movement,  the  so-called  extension  of  the 
foot,  is  due  to  the  action  of  the  gastrocnemius  and  soleus, 
the  great  muscles  of  the  calf  of  the  leg,  which  are  inserted 
by  the  Tendo  AchUlis  into  the  posterior  prominence  of  the 
OS  calcis  or  heel.  This  movement  is  made  at  every  step  in 
walking  or  running,  and  the  great  size  of  the  calf-muscles 
is  ia  relation  to  their  use  in  the  act  of  progression.  The 
foot  cannot,  however,  be  drawn  so  far  back  as  to  be  brought 
into  direct  Hne  with  the  leg.  In  standing  erect  the  foot  is 
at  right  angles  to  the  axis  of  the  leg,  the  astragalus  is 
locked  in  between  the  two  malleoli,  and  the  fibres  of  the 
lateral  ligaments  are  tense,  so  as  to  check  movement 
forwards  or  backwards,  and  prevent  displacement. 

Between  the  several  bones  of  the  tarsus  a  certain  amount 
of  gliding  is  permitted,  more  especially  between  -the  os 
calcis  and  cuboid  and  the  astragalus  and  scaphoid,  so  that 
it  is  possible  to  invert  or  evert  the  foot,  i.e.,  to  raise  its 
inner  or  outer  borders  from  the  ground.  The  inversion  is 
performed  by  the  tibialis  anticus  and  by  the  tibialis 
posticus,  which  latter  is  inserted  into  the  scaphoid  bone ; 
the  eversion  by  the  peroneus  longus  and  brevis  muscles, 
situated  on  the  outer  side  of  the  leg,  the  tendons  of  which 
pass  behind  the  outer  malleolus, — the  brevis  to  be  inserted 
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into  the  metatarsal  bone  of  the  little  toe,  the  longus  into 
the  plantar  surface  of  the  metatarsal  bone  of  the  great  toe. 
The  individual  toes  are  bent  on  the  sole  by  the  action  of 
the  flexor  muscles  inserted  into  the  plantar  surface  of  the 
phalanges,  and  they  are  straightened  by  the  extensor 
muscles  inserted  into  their  dorsal  surfaces ;  the  toes  also 
can  be  drawn  asunder  or  abducted,  and  drawn  together 
or  adducted,  chiefly  by  the  action  of  the  interossei 
muscles.  The  hallux  or  great  toe  is  the  most  im- 
portant digit;  a  line  prolonged  backwards  through  it  to 
the  heel  forms  the  proper  axis  of  the  foot,  and  the  sole 
chiefly  rests  upon  the  pads  of  integument  situated  beneath 
its  metatarso-phalangeal  joint  and  the  heel.  The  hallux 
is  much  more  restricted  in  its  movements  than  the  thumb : 
the  configuration  of  its  tarso-metatarsal  joint  and  the  attach- 
ment to  it  of  the  transverse  metatarsal  ligament  prevent 
the  great  toe  from  being  thrown  across  the  surface  of  the 
sole  as  the  thumb  is  thrown  across  the  palm  in  the  move- 
ment of  opposition ;  an  object  can,  however,  be  grasped 
between  the  hallux  and  second  toe  by  the  action  of  its 
adductor  muscles,  and  persons  can  be  trained  to  write  with 
a  pen  or  pencil  held  in  this  position. 

The  act  of  walking  consists  in  the  movement  forwards 
of  the  trunk  by  the  alternate  advancement  of  the  lower 
limbs.  Suppose  a  person  to  be  standing  erect,  with  one 
leg  a  little  in  advance  of  the  other ;  the  body,  being 
inclined  slightly  forwards,  is  pushed  in  advance  by  the 
extension  of  the  hindmost  Umb,  so  that  the  weight  falls 
more  and  more  upon  the  advanced  leg,  which  at  the  same 
time  is  shortened  by  bending  the  knee  and  ankle.  The 
heel  of  the  hindmost  limb  being  then  raised  by  the  action 
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of  the  muscles  of  the  calf,  the  toes  press  against  the  ground 
so  as  to  push  the  trunk  so  far  in  front  of  the  advanced 
Umb  as  to  be  no  longer  safely  supported  by  it ;  the  hind- 
most limb  is  then  raised  from  the  ground  by  muscular 
action,  and  allowed  to  swing  forward  by  its  own  weight, 
but  guided  by  the  muscles,  until  the  toes  touch  the  ground 
in  front  of  the  opposite  limb.  A  step  has  now  been  made, 
and  the  limbs  are  in  a  corresponding  but  opposite  position 
from  that  in  which  they  were  when  the  step  commenced : 
a  repetition  of  the  act  constitutes  another  step,  and  so  the 
alternate  action  continues.  At  one  moment  in  each  step 
both  feet  touch  the  ground  at  the  same  time,  i.e.,  when 
the  hind  foot  presses  against  the  earth.  The  act  of  running 
consists  in  a  repetition  of  the  movements  of  walking  per- 
formed with  so  much  greater  rapidity  that  the  feet  never 
touch  the  ground  at  the  same  moment ;  the  heels  also  are 
never  brought  to  the  ground.  The  propulsive  action  is 
also  greatly  increased  by  the  extension  of  the  hip  and  knee 
joints,  so  that  a  succession  of  small  leaps  on  to  alternate 
feet  takes  place.  In  leaping  from  the  standing  position 
the  joints  of  both  lower  limbs,  previously  flexed,  are  suddenly 
and  simultaneously  extended,  and  the  body  is  projected 
forwards  with  a  rapid  impulse. 

Development  and  Homologies  of  the  Voltjntaky 
Muscular  System. 
The  voluntary  muscles,  like  the  hones  and  joints  with  which 
they  are  so  intimately  associated,  are  developed  out  of  the  middle 
of  the  three  layers— the  meso-blast— into  which  the  germinal  area 
or  blastoderm  of  the  young  embryo  is  divided.  The  muscles  of  the 
axial  skeleton  are  capable  of  subdivision  into  a  gi-oup  situated 
outside  the  endo-skeleton,  i.e.,  between  it  and  the  integument— 
which  muscles  have  recently  been  called  epi-skeletal— and  a  group 
lying  on  the  ventral  surface  of  the  vertebral  bodies  and  within  the 
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rib  arches,  wliicTi  have  been  termed  the  hsemal  or  hypo-sTceletal 
muscles.  The  epi-skeletal  muscles,  like  the  vertebrae  themselves, 
are  developed  within  the  proto-vertebrce,  but  it  is  not  known  if  the 
hypo-skeletal  group  have  the  same  origin.  In  fishes  the  epi- 
skeletal  muscles  preserve  their  fundamental  arrangement  with  but 
little  modification.  They  are  disposed  in  transverse  segments  or 
myotomes,  which  equal  in  number  the  vertebrse.  These  myotomes 
are  separated  from  each  other  by  bands  of  fibrous  tissue,  the  inter- 
muscular septa.  In  man  and  the  higher  vertebrates  the  simple 
transversely  segmented  aiTangement  is  to  a  large  extent  lost.  Traces 
are  preserved,  however,  in  the  interspinales  and  interti'ansversales 
muscles,  situated  in  the  intervals  between  the  spines  and  transverse 
processes  of  some  of  the  vertebral  segments  ;  in  the  external  iuter- 
costals  and  in  the  recti  abdominis  muscles,  in  the  last-named  of 
which  tendinous  bands  subdivide  the  muscle  into  several  transverse 
segments.  More  usually,  the  intermuscular  septa  either  are  not 
formed  or  disappear,  and  adjacent  myotomes  become  blended  into  a 
continuous  mass  of  muscle.  In  some  instances  the  fibres  of  this 
muscle  run  longitudinally,  and  the  entire  mass  subdivides  longi- 
tudinally into  separate  and  distinct  parallel  muscles,  as  is  seen  in 
the  subdivision  of  the  great  erector  spinte  into  the  sacro-lumbalis, 
musculus  accessorius,  cei-vicalis  ascendens,  longissimus  dorsi,  trans- 
versalis  cervicis,  trachelo-mastoid,  and  spinalis  dorsi  muscles.  In 
other  instances  the  muscles  run  obliquely  ;  some  on  the  back  of 
the  body  pass  obliquely  from  below  upwards  and  outwards,  as  the 
splenius  and  obliquus  inferior  ;  others  obliquely  from  below,  up- 
wards and  inwards,  as  the  complexus,  obliquus  superior,  semi- 
spinaUs,  multifidus  and  rotatores  spinpe  ;  others  again,  as  the  external 
and  internal  oblique  muscles  of  the  abdomen,  extend  obliquely  from 
behind  forwards  to  the  ventral  mesial  line. 

Of  the  hypo-skeletal  group  of  muscles,  the  internal  intercostals  dis- 
play the  ti-ansverse  segmentation.  As  a  rule,  however,  the  muscles 
of  this  group  extend  longitudinally,  andform  the  praj-vertebral  group, 
named  anterior  recti,  longi  coUi,  and  psofe  ;  though  the  diaphrag^n, 
triantmlares  stemi,  transversi  abdominis,  and  levatores  ani,  which 
He  in^relation  to  the  inner  surfaces  of  the  ribs  and  visceral  cavities, 
are  not  longitudinal,  but  are  specially  modified  in  arrangement  for 
functional  reasons.  The  plane  of  demarcation  between  the  hyi^o- 
and  epi-skeletal  groups  of  muscles,  where  they  form  together  the 
walls  of  the  great  visceral  chambers,— the  thorax  and  abdomen,— 
is  marked  off  by  the  position  and  course  of  the  intercostal  series  of 
spinal  nerves. 
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The  muscles  attached  to  the  appendicular  skeleton  are  either  limited 
to  the  limbs  (purely  appendicular,  therefore),  or  pass  from  the  axial 
part  of  the  body  to  the  limb  (axi-appendicular).  The  axi-appen- 
dicular  group  are  undoubtedly  prolongations  of  the  axial  system  of 
muscles.  They  are  in  the  upper  limb  derived  from  the  epi-skeletal 
subdivision,  and  form  the  trapezius,  rhomboid,  levator  anguli 
scapulae,  latissimus  dorsi,  subclavius,  serratus  magnus,  and  greater 
and  smaller  pectoral  muscles.  In  the  lower  limb  they  are  in  part 
derived  from  the  hypo-skeletal  subdivision,  and  form  the  psoas  and 
pyriformis;  and  in  part,  as  the  glutaeus  maximus,  from  the  epi- 
skeletal  subdivision.  It  is  not  improbable  that  the  purely  appen- 
dicular muscles  are  also  prolongations  of  the  axial  system,  and  that 
as  the  limbs,  in  their*  development  from  their  fundamental  bud- 
like lappets,  rmdergo  both  a  transverse  and  a  longitudinal  seg- 
mentation, so  the  muscular  mass,  prolonged  into  them,  differen- 
tiates both  transversely  and  longitudinally  into  a  motor  apparatus, 
fitted  for  the  performance  of  the  special  functions  of  each  exti-emity. 


CHAPTEE  III. 
ANATOMY  OF  THE  TEXTURES  OR  TISSUES. 


Introductory. 

Before  proceediiig  to  the  description  of  the  other  organic 
systems  of  which  the  human  body  is  built  up,  it  may  be 
■well  to  enter  into  the  consideration  of  the  minute  or 
microscopic  structure  of  its  constituent  parts.  These  parts 
may  primarily  be  divided  into  fluids  and  solids.  The  fluids 
are  the  blood,  the  lymph,  the  chyle,  the  secretions  of  the 
various  glands,  and  of  the  serous  and  synovial  membranes. 
The  solids  form  the  framework  of  the  several  organic 
systems,  and  assume  difi"erent  appearances  in  difi'erent 
localities.  Sometimes  they  are  arranged  in  compact  soKd 
masses,  as  in  cartUage ;  at  others  they  are  elongated  into 
fine  threads  or  fibres,  as  in  muscle,  tendon,  nerve;  at 
others  they  are  expanded  into  thin  membranes,  as  in  the 
fasciae  or  aponeuroses,  the  serous,  synovial,  and  mucous 
membranes ;  at  others  they  are  hollowed  out  into  distinct 
tubes  for  the  conveyance  of  fluids,  as  in  the  blood-vessels, 
the  lymph  and  chyle  vessels,  and  the  ducts  of  glands.  To 
the  solids  of  the  body,  whatever  their  form  may  be,  the 
general  name  of  Tissues  or  Textures  is  applied.  Each 
organic  system  may  be  regarded  as  in  the  main  composed 
of  a  tissue  or  texture  peculiar  to  and  characteristic  of  it- 
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self.  Thus,  the  bones  are  essentially  composed  of  the 
osseous  tissue,  the  muscles  of  the  muscular  tissue,  the 
nervous  system  of  the  nervous  tissue,  fibrous  membranes 
of  the  fibrous  or  connective  tissue,  &c.  But  though  the 
essential  constituent  of  each  organic  system  is  a  tissue 
peculiar  to  that  system,  yet  in  most  localities  certain  other 
tissues  are  mingled  with  that  which  is  to  be  regarded  as 
the  characteristic  texture  of  the  part.  In  a  muscle,  for 
example,  not  only  is  the  muscular  tissue  present,  but 
mingled  with  it  are  connective  tissue,  nerve  tissue,  blood- 
vessels, and  lymph-vessels.  A  gland  also  not  only  consists 
of  its  proper  tissue,  the  secreting  cells,  but  of  more  or  less 
connective  tissue,  nerves,  blood  and  lymph  vessels,  and 
gland  ducts.  Indeed,  there  are  few  localities  in  which, 
along  with  the  proper  tissue  of  the  part,  blood  and  lymph 
vessels,  nerves  and  connective  tissue,  are  not  found;  and 
to  a  part  built  up  of  two  or  more  tissues  the  name  of  an 
Oegan  is  applied.  Thus  the  muscular  system  consists  of 
the  series  of  organs  which  we  call  the  muscles,  the  gland- 
ular system  of  the  several  organs  called  glands,  and  so  on. 
Each  tissue  and  each  organ,  into  the  construction  of  which 
that  tissue  enters  as  the  characteristic  texture,  possesses  not 
only  distinctive  structural,  but  also  distinctive  functional 
properties.  Thus  the  muscular  tissue  is  characterised  by 
the  property  of  contractUity,  and  the  muscles,  of  which 
it  forms  the  essential  texture,  are  organs  of  motion  or 
locomotion ;  the  osseous  tissue  is  characterised  by  its 
hardness  and  strength,  and  the  bones,  of  which  it  forms 
the  essential  texture,  are  organs  of  protection  and  support. 

But  the  study  of  the  textures  embraces  an  inquiry  not  • 
only  into  the  special,  structural,  and  functional  properties 
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of  each,  tissue  and  organ — into  tlie  special  part  wliich.  each 
plays  in  the  animal  economy — ^but  the  consideration  of 
their  properties  as  living  structures.  It  would  be  out  of 
place  in  this  work  to  enter  into  a  discussion  of  the  mean- 
ing of  the  term  Life,  or  Living,  or  to  attempt  an  analysis 
of  the  various  definitions  of  the  term  which  have  been 
suggested  from  time  to  time  by  different  philosophers. 
It  wiU  sufl&ce  for  our  present  purpose  to  adopt  the  old 
Aristotelian  definition,  and  to  speak  of  Life  as  the  faculties 
of  self-nourishment,  seK-growth,  and  self-decay.  All  the 
tissues,  over  and  above  the  special  properties  which  they 
possess,  have  the  power  of  growing,  and  of  maintaining 
themselves  in  full  structural  perfection  and  functional 
activity  for  a  given  period  of  time.  After  a  time  they 
begin  to  exhibit  signs  of  diminished  perfection  and  activity, 
they  degenerate  or  decay ;  ultimately  they  die,  and  the 
entire  organism  of  which  they  form  the  constituent  parts 
is  resolved  by  the  putrefactive  process  into  more  simple 
forms  of  matter. 


General  Considerations  on  Cells. 

The  simplest  form  of  organic  matter  capable  of  ex- 
hibiting the  phenomena  of  Hfe  is  called  Cyto-blastema  or 
Protoplasm.  It  possesses  a  viscous  or  jelly-Hke  con- 
sistency. Under  the  highest  powers  of  the  microscope  it 
seems  to  be  homogeneous,  or  dimly  granulated,  like  a 
sheet  of  ground  glass.  Not  only  can  it  assimilate  nutri- 
ment and  increase  in  size,  but  it  possesses  the  power 
of  spontaneous  movement  and  contractility.  It  enters  in 
a  very  important  manner  into  the  structure  of  the  bodies 
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.  of  the  lower  animals.  The  elongated  processes,  or  pseudo- 
podia,  to  which  Dujardin  applied  the  name  of  sarcode, 
which  the  Ehizopoda  can  project  from  their  surface  into  the 
surrounding  medium^  and  again  with- 
draw into  their  substance,  consist  of 
protoplasm,  and  may  be  cited  as  fur- 
nishing excellent  examples  of  its 
motive  and  contractile  power.  From 
the  recent  researches  of  Haeckel  it 
would  appear  that  protoplasm  is 
capable  of  forming,  without  the  super- 
addition  of  any  other  structure,  inde-  Fio.  25.  —  Undifferentiated 

*'  '  cytode    mass  of  proto- 

pendent  organisms,  which  stand  at  P'asm. 
the  lowest  grade  of  organisation,  and  from  their  extreme 
simplicity  are  named  by  him  Monera  (Fig.  25).  To  the 
group  Monera  belong  the  genera  Protamoeba,  Protogenef, 
and  Bathybius.  Of  these,  Bathybius  is  that  which  has 
attracted  most  attention.  It  has  been  regarded  as  a  layer 
of  soft  slimy  undifferentiated  protoplasm  covering  the 
bottom  of  the  deep  sea,  and  capable  of  exhibiting  the 
phenomena  of  contractility,  growth,  assimilation  of  food, 
and  reproduction.  Doubts,  however,  have  been  expressed 
regarding  the  nature  of  this  Bathybius,  so  that  it  can- 
not now  be  cited  as  so  definite  an  organism  as  the 
freely-swimming  Protamoeba  and  Protogenes.  Haeckel 
has  referred  these  simple  organisms  to  a  sub-kingdom  of 
Pkotist^,  which  he  considers  to  lie  on  the  confines  of 
both  the  animal  and  vegetable  kingdoms.  To  a  mass  of 
protoplasm,  whether  it  forms,  as  in  one  of  these  Protista, 
an  independent  organism,  or  is  merely  a  portion  of  the 
substance  of  the  body  of  a  higher  organism,  Haeckel  has 
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given  the  general  name  of  a  Cytode.  Sometimes  a  cytode 
is  a  naked  clump  of  soft  protoplasm,  -without  a  trace  of 
differentiation  either  on  its  surface  or  in  its  substance,  as 
in  the  freely-moving  Monera ;  at  others  the  peripheral 
part  of  the  cytode  hardens,  and  differentiates  into  a  more 
or  less  perfect  envelope,  as  in  the  genera  Protomonas  and 
Protomyxa.  So  far  back  as  1861,  Lionel  Beale  had  de- 
scribed, under  the  name  of  germinal  matter  {Bioplasm), 
minute  Hving  particles  of  vegetable  protoplasm,  and  in 
1863  he  demonstrated  the  presence  of  extremely  minute 
particles  of  living  matter  in  the  blood.  More  recently 
Strieker  has  also  called  attention,  in  the  bodies  of  the 
hio-her  animals,  to  minute  detached  clumps  of  protoplasm 
which  exhibited  the  phenomena  of  Ufe. 

As  a  rule,  however,  in  both  vegetable  and  animal 
organisms  the  specks  or  clumps  of  protoplasm  assume 
definite  shapes,  and  show  evidence  of  an 
internal  difi'erentiation.  In  the  midst  of  a 
minute  clump  of  this  substance  a  sharply- 
defined  body  called  a  nucleus  is  found, 
which  differs  from  the  surrounding  proto- 
plasm in  not  being  contractile;  and  some- 
times a  minute  speck,  or  nucleolus,  exists 
within  the  nucleus.  When  a  definite  clump 
Fig.  2g.— a  simple      protoplasm  Contains  a  nucleus  in  its  iii- 

fovm     of     iiu-  ,     ,        n  X 

cieated  cell,      terior,  whether  a  nucleolus  be  present  or 

protoiJlasm  cell-  '  ^     ,         i   /-i  n 

substance;   N,     +        jg  called  a  Nucleated  Ceil  (±ig. 

nucleus;  JV^/,  nu-  ^""J  •     i  i 

cloolus.  26).    Cells    are  definite  anatomical  and 

physiological  units,  and  exhibit  all  the  phenomena  of 
life.  Some  of  the  lowest  organisms  consist  merely  of  a 
sin-le  ceU,  others  of  two  or  more  ceUs  united  together, 
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and  these  are  called  uni-  or  multi-cellular  organisms. 
CeUa  also  enter  in  the  most  material  manner  into  the 
constitution  of  the  textures  of  all  the  higher  forms  of 
plants  and  animals.  Not  unfrequently  the  peripheral 
part  of  the  protoplasm  of  the  cell  diflFerentiates  into  a 
distinct  investing  envelope,  technically  named  a  cell  tvall 
or  cell  mem^brane. 

In  the  earlier  periods  of  investigation  into  the  minute 
structure  of  cells  it  was  believed  that  a  cell  wall  was  con- 
stantly present,  and  that  each  cell  was  a  minute  micro- 
scopic vesicle  or  bladder,  which  in  its  typical  shape  was 
globular  or  ovoid,  but  capable  of  undergoing  various  modi- 
fications both  in  form  and  chemical  composition.  The 
material  enclosed  by  the  cell  wall  was  termed  the  cell  con- 
tents, and  either  in  the  midst  of  these  contents  or  in  con- 
tact with  the  cell  wall  was  the  nucleus,  which  might  or  might 
not  contain  a  nucleolus.  Schwann  believed  that  the  cell 
wall  was  the  most  active  constituent  of  the  cell,  i.e.,  pos- 
sessed the  power  not  only  of  producing  chemical  and 
physical  changes  in  its  own  substance  and  in  the  cell 
contents,  but  of  separating  materials  from  the  surrounding 
media, — of  secreting  them,  as  it  were,  into  the  interior  of 
the  cell.  In  this  manner  he  accounted  for  the  formation 
in  some  cells  of  fat,  in  others  of  pigment,  in  others  of  the 
characteristic  secretion  of  glands,  and  so  on. 

It  was  then  maintained  by  John  Goodsir  that  the 
nucleus  was  the  part  of  a  cell  which  in  aU  probability  was 
concerned  in  separating  and  preparing  its  characteristic 
cell  contents,  and  in  its  nutrition.  Martin  Barry  and 
Goodsir  also  contended  that  the  reproduction  and  multi- 
plication of  cells  were  due  to  self-division  of  the  nucleus. 
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■wHch  was  thus  the  source  of  successive  broods  of  young 
cells.  They  gave  to  the  nucleus,  therefore,  an  importance 
in  the  economy  of  the  cell  greater  than  had  previously 
been  assigned  to  it. 

As  the  investigations  into  cell  structure  became  more 
extended,  it  was  ascertained  that  a  cell  wall  was  by  no 
means  always  present ;  that  in  many  of  the  cells  in  which 
it  had  been  supposed  to  exist  it  could  not  satisfactorily  be 
demonstrated,  and  that  in  others,  more  especially  in  young 
actively-growing  cells,  no  trace  of  an  investing  envelope 
could  be  observed.  Hence  the  importance  of  the  cell  wall  as 
an  essential  component  of  a  cell  was  still  further  diminished ; 
and  Leydig  then  defined  a  cell  to  be  a  little  mass  composed 
of  a  soft  substance  enclosing  a  central  nucleus. 

But  a  most  important  advance  in  our  conceptions 
of  the  essential  structure  of  a  cell  was  made  when 
Briicke  pointed  out  that  the  contents  of  cells  not  unfre- 
quently  possessed  the  property  of  spontaneous  move- 
ment and  contractility,  and  when  Max  Schultze  deter- 
mined that  the  contractile  substance  termed  sarcode, 
which  forms  so  large  a  part  of  the  bodies  of  the  lower 
animals,  was  analogous  and  apparently  homologous  with 
the  contents  of  young  actively-growing  animal  and  vege- 
table cells,  before  a  differentiation  of  these  contents  into 
special  secretions  or  other  materials  had  taken  place.  As 
the  term  "  protoplasm"  had  been  introduced  by  Von  Mohl 
to  express  the  contenjts  of  the  vegetable  cell,  which  under- 
goes changes  in  the  process  of  growth,  it  was  adopted  by 
the  animal  histologist;  and  Max  Schultze  suggested 
that  a  cell  should  be  defined  to  be  a  nucleated  mass 
of  protoplasm,— a  definition  which  is  adopted  in  this 
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book.  Now,  as  protoplasm,  whether  it  occurs  along  with 
a  nucleus  in  the  form  of  a  cell,  or  in  independent  clumps 
or  cytodes,  exhibits  not  merely  the  property  of  contrac- 
tility, but  the  power  of  growing  and  maintaining  itself,  it 
is  regarded  as  the  functionally  active  constituent  of  the 
cell.  And  thus  our  conceptions  as  to  the  part  of  the  cell 
in  which  its  functional  activity  resides  have  passed  through 
three  phases.  In  the  first,  the  cell  wall;  in  the  second,  the 
nucleus ;  in  the  third,  the  protoplasm  cell  contents,  or  cell 
substance,  has  been  looked  upon  as  the  active  constituent, 
not  only  as  regards  its  nutrition,  but  the  reproduction  cf 
youns:  cells.  But  though  the  protoplasm  can  of  itself 
perform  these  offices,  yet  there  can  be  no  doubt,  as  Barry 
and  Goodsir  were  the  first  to  show,  that  the  nucleus  of  the 
cell  plays  a  part  not  unfrequently  in  the  multiplication  of 
cells  by  self-division. 

One  of  the  most  characteristic  cells  is  the  mammalian 
ovum.  In  it  a  cell  wall  exists,  known 
as  the  zona  pellucida  or  vitelline 
membrane ;  within  this  envelope  is 
the  granular  yelic  or  cell  contents, 
in  the  midst  of  which  is  imbedded 
the  nucleus  ox  germinal  vesicle,  which 
in  its  turn  contains  the  nucleolus  ^Xl'^^'Zln^' zl.Tll: 
or  germinal  spot.  The  granules  of  'y^^V /n^^^^Z". 
the  yelk  are  a  special  metamorphosis  ™r  g"nl%^t""'=''°^'"' 
of  the  protoplasm  ceU  substance. 

Schwann  made  the  important  generalisation  that  the 
tissues  of  the  animal  body  are  composed  of  cells,  or  of 
materials  derived  from  cells,  "that  there  is  one  universal 
pnnciple  of  development  for  the  elementary  part  of 
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organisms,  however  different,  and  that  tliis  principle  is 
the  formation  of  cells."    The  ovtim  is  the  primordial  or 
fundamental  cell,  or  germ-cell,  from  which,  after  being 
fertilised  by  the  male  sperm,  the  tissues  and  organs  of 
the   animal   body  are   derived.     Within  the  fertilised 
ovum   multiplication   of   cells  takes  place  with  great 
rapidity.    It  is  as  yet  an  unsettled  question  how  far  the 
original  nucleus  of  the  ovum  participates  in  this  process 
of  multiplication ;  but  there  can  be  no  doubt  that  the 
protoplasm  cell  contents  divide,  first  into  two,  then  four, 
then  eight,  then  sixteen  segments,  and  so  on  in  midtiple 
proportion.    Each  of  these  segments  of  protoplasm  con- 
tains a  nucleus — is,  in  short,  a  nucleated  cell,  and  the 
protoplasm  of  these  cells  exhibits  the  property  of  con- 
tractility.   The  ovum  or  germ-cell  is  therefore  the  imme- 
diate parent  of  aU  the  new  cells  which  are  formed  within 
it,  and  mediately  it  is  the  parent  of  all  the  cells  which, 
in  the  subsequent  processes  of  development  and  growth, 
are  descended  from  those  produced  by  the  segmentation 
of  the  yelk.    The  process  of  development  of  young  cells 
within  a  parent  cell,  whether  it  occurs  in  the  ovum  or  in 
a  cell  derived  by  descent  from  the  ovum,  is  called  the 
endogenous  reproduction  of  cells.    But  cells  may  multiply 
by  a  process  of  fission— i.e.,  a  constriction,  gradually  deep- 
ening, may  take  place  in  a  cell  until  it  is  subdivided  into 
two;  the  nucleus  at  the  same  time  participating  in  the 
constriction  and  subdivision.    A  third  mode  of  multipli- 
cation of  ceUs  is  by  budding :  little  clumps  of  protoplasm 
bud  out  from  the  protoplasm  of  the  parent  cell,  become 
detached,  and  assume  an  independent  vitality.     K  a 
nucleus  differentiates  in  the  interior  of  such  a  climip,  it 
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becomes  a  cell ;  if  it  remains  as  a  mere  clump  of  proto- 
plasm, it  is  a  cytode. 

These  various  methods  of  multiplication  are  all  con- 
firmatory of  Schwann's  generalisation  of  the  descent  or 
derivation  of  cells  from  pre-existing  cells.  But  as  the 
nucleated  cell,  either  with  or  without  a  cell  wall,  is  not,  in 
the  present  state  of  science,  regarded  as  the  simplest  and 
most  elementary  unit  capable  of  exhibiting  vital  pheno 
mena,  and  as  these  phenomena  can  be  displayed  by  indi 
vidual  clumps  of  protoplasm,  without  the  presence  of  a 
nucleus,  some  modification  of  the  doctrine,  as  regards  the 
formation  of  the  tissues  from  nucleated  cells,  seems  to  be 
necessary.  For,  although  there  can  be  no  doubt  that  all 
the  tissues  are  mediately  derived  from  the  ovum  or  funda- 
mental cell,  and  that  most  of  the  tissues  are  derived 
directly  from  nucleated  cells,  yet  there  is  reason  to  think 
that  a  differentiation  of  a  cytode  clump  of  protoplasm  into 
tissue  may  take  place,  so  that  the  direct  formation  of  such 
a  tissue  would  be,  not  from  a  nucleated  cell,  but  from  the 
more  simple  cytode.  Hence  a  more  comprehensive  gene- 
ralisation, to  which  observers  have  gradually  been  led 
from  the  consideration  of  numerous  facts,  has  now  been 
arrived  at, — that  the  tissues  and  organs  of  the  body,  what- 
ever may  be  their  form  and  composition,  are  formed  of 
protoplasm,  or  produced  by  its  differentiation;  and  that 
the  protoplasm  itself  is  derived  by  descent  from  the  proto- 
plasm substance  of  the  primordial  germ-cell.  Some,  in- 
deed, have  contended  that  protoplasm,  cells,  and  their 
derivatives  can  arise  by  a  process  of  precipitation  or 
aggregation  of  minute  particles  or  molecules  in  an  or- 
ganic infusion,  and  that  living  matter  may  be  thus  spon- 
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taneously  generated.  But  tlie  evidence  whicli  has 
been  advanced  in  support  of  this  hypothesis  is  by  no 
means  satisfactory  or  conclusive,  whilst  the  correctness 
of  the  theory  of  the  direct  descent  of  protoplasm  from 
pre-existing  Living  protoplasm  is  supported  by  thou- 
sands of  observations  made  by  the  most  competent  in- 
quirers. 

In  the  process  of  conversion  of  protoplasm  into  the 
several  tissues,  a  diEFerentiation  of  form  and  structure 
(i.e.,  a  morphological  or  histological  differentiation),  and 
of  composition  (i.e.,  a  chemical  differentiation)  takes  place, 
the  result  of  which  is  a  physiological  differentiation,  and 
the  tissues  and  organs  become  adapted  to  the  performance 
of  special  functions.  Hence  arise  the  several  forms  of 
tissue  which  occur  in  the  human  body  and  in  the  higher 
animals.  Many  of  the  tissues  consist  exclusively  of  cells, 
which  present  in  different  parts  of  the  body  characteristic 
modifications  in  external  configuration,  ia  composition, 
and  in  properties,  as  may  be  seen  in  the  fatty  tissue,  pig- 
mentary tissue,  and  epithelium.  Other  tissues,  again, 
consist  partly  of  cells,  and  partly  of  an  intermediate 
material  which  separates  the"  constituent  cells  from  each 
other.  Here  also  the  cells  present  various  modifications; 
and  the  intermediate  material,  termed  the  matrix  or 
intercelhdar  stibstance,  varies  in  structure,  in  composi- 
tion, and  in  properties  in  the  different  textures,  as  is 
seen  in  the  connective,  cartilaginous,  osseous,  and  muscu- 
lar tissues. 

It  is  not  an  easy  matter  to  devise  a  classification  of 
the  tissues,  based  on  their  structural  characters,  which 
shall  be  in  all  respects  logically  perfect;  but  a  ecu- 
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venient  basis  of  arrangement  for  descriptive  purposes 
may  be  found  by  dividing  tbem  into  those  -which  con- 
sist—1st,  of  cells  suspended  in  fluids;  2d,  of  ceUs 
placed  on  free  surfaces;  3d,  of  cells  imbedded  in  solid 
tissues.     ,  , 

FIEST  GKOUP  OF  TISSUES. 
Cells  Suspended  in  Fluids. 

The  fluids  of  the  body  which  have  cells  or  other  minute 
solid  particles  suspended  in  them  are  the  blood,  the  lymph, 
and  the  chyle.  Sometimes  ceUs  are  found  floating  in  the 
secretions  of  glands. 

The  Blood. 

The  blood  is  the  weU-known  red  fluid  which  circulates 
throughout  the  blood-vascular  system.  As  its  general 
composition  and  properties  have  to  be  considered  in 
physiological  rather  than  anatomical  works,  the  solid 
particles  only,  which  are  suspended  in  the  liquor  sanguinis, 
will  be  described  here.  If  a  drop  of  human  blood  be 
examined  under  the  microscope,  crowds  of  minute  bodies, 
the  blood  corpuscles,  or  blood  globules,  may  be  seen  in  it. 
These  present  two  different  appearances,  and  are  dis- 
tinguished by  the  names  of  red  and  white  blood  corpuscles. 

The  red  corpuscles,  which  are  by  far  the  more  numerous, 
are  minute  circular  discs,  slightly  concave  on  both  surfaces. 
Their  average  diameter  is  about  g^V-o*^  of  an  inch,  and 
their  thickness  about  |th  of  that  measurement;  hence  they 
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are  not  spheres,  as  the  old  name  blood  globules  would  imply. 
They  are  non-nucleated.  Single  corpuscles  have  a  faint 
fawn-coloured  hue,  but  collectively  they  give  to  the  blood 
its  characteristic  red  colour.  This  colour  is  due  to  the 
presence  in  the  corpuscles  of  the  substance  termed 
hcemoglohin.  It  has  been  estimated  by  Vierordt  and 
Welcker  that  5,000,000  red  corpuscles  are  present  in 
every  cubic  millimetre  of  healthy  human  blood.  The 
red  corpuscles  in  the  blood  of  all  mammals,  except  the 
tribe  of  camels,  are  circular  bi-concave  discs  ;  but  in  these 
exceptional  mammals  they  have  an  elliptical  outline.  In 
all  mammals  the  red  corpuscles  are  non-nucleated,  though 
appearances  of  nucleation  have  been  seen  in  exceptional 
individual  cases ;  for  RoUeston  saw  a  nucleated  appearance 
in  a  small  proportion  of  the  dried  red  blood  corpuscles  of 
a  two-toed  sloth;  and  I  have  observed  in  a  proportion  of 
the  red  blood  discs  of  a  Hoffmann's  sloth  an  appearance 
of  a  central  nucleus. 

In  all  birds,  reptiles,  and  amphibia  the  red  corpuscles 
are  oval  or  elliptical,  and  in  each  corpuscle  an  oval  or 
elliptical  nucleus  is  situated.  In  all  fishes  they  are  nu- 
cleated and  also  elliptical  in  form,  except  in  some  of  the 
Cyclostomata,  which  possess  cu'cular  discs.  In  the  elHp- 
tical  nucleated  corpuscles  the  surfaces  are  not  biconcave, 
but  have  central  projections,  which  correspond  in  position 
to  the  nucleus  (2,  4,  5,  Fig.  28).  The  red  corpuscles 
vary  materially  in  size  in  different  vertebrata,  and  these 
variations  have  been  especiaUy  studied  by  Gulliver. 
He  has  found  them  to  vary  in  mammals  from  an  average 
diameter  of  -^^^s^^  of  an  inch  in  the  elephant,  and  ^^V^th 
in  Orycteropus  capensis,  to  r^hz^^       Tragulus  javani- 


THE  BLOOD. 


123 


ms,  and  he  concludes  that  -the  smallest  blood  discs  occur 
in  the  small  species  of  an  order  or  family,  the  largest 
in  the  large  species. 
In  birds  they  are 
larger  than  in  mam- 
mals, and  vary  in 
length  from  an  ave- 
rage of  yJ^y  inch  in 
Oamarins  javanicus 
to  ■g-jVs'tli  Linaria 
minor.  In  reptUes 
they  are  still  larger, 

and   vary  in   length  Fig.  28.— l,  red  corpuscles  of  human  blood  ;  2,  red 

corpuscles  of  blood  of  common  fowl,  seen  on 
irom    an  average  OI     the  surface  and  edgeways  ;  3,  red  coi-puscles  of 
,       .  .       frog;  4,  of  Sgualus  squatina;   5,    of  Lophius 

•j-j-Yg-th     m     AngUlS     ■phcatm-ius;  6,  corpuscles  of  the  blood  of  a  scor- 

fragilis  to  xuVt*^ 

Lacerta  viridis.  In  amphibia  the  largest  corpuscles,  accord- 
ing to  Gulliver,  are  about  -^^-^  inch  in  length  in  Proteus  and 
Siren,  though  RiddeU  states  that  in  Amplmima  tridactylum 
they  are  id  larger ;  whilst  the  smallest,  as  in  the  common 
frog,  average  in  length  xtVs'  i^ich.  In  cartilaginous  fish 
the  corpuscles  are  larger  than  in  osseous.  In  Lamna  cor- 
nuhica  GuUiver  found  their  long  diameter  to  be  -j-J^  inch  ; 
while  in  the  Salmonidse,  which  have  the  largest  blood  discs 
among  osseous  fish,  the  long  diameter  in  the  salmon  and 
common  trout  is  only  about  t-j^^^  inch. 

The  white  or  colourless  corpuscles  are  comparatively  few 
in  number  in  the  healthy  human  blood.  Welcker  has 
estimated  the  normal  relative  number  as  one  white  to 
335  red ;  in  pregnant  and  menstruating  women  the  pro- 
portion is  increased  to  about  1  to  280.    In  some  forms  of 
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disease  the  proportion  is  so  very  materially  increased  that 
they  appear  to  be  almost  as  numerous  as  the  red.  They 
are  rounded  in  form,  finely  granulated  or  mulberry-like  in 
appearance,  and  nucleated — the  nucleus  becoming  more 
distinct  after  the  addition  of  acetic  acid ;  moreover,  they 
are  larger  than  the  red  corpuscles,  their  average  diameter 
being  from  ^V"o*^  *o  ^'oV'o*^  inch.    Corpuscles  of 

a  similar  form  are  found  in  the  blood  of  all  vertebrata. 
They  do  not  vary  so  much  in  size  in  different  animals  as 
do  the  red  corpuscles.  In  Triton,  according  to  Gul- 
liver, their  average  diameter  is  ^-gV^^^j  whilst  in  Herpestes 
griseus  they  are  not  more  than  -^-^j-g  inch.  The  white 
blood  corpuscles  are  minute  nucleated  clumps  of  proto- 
plasm ;  they  are  therefore  minute  cells.  It  is  very  doubt- 
ful if  they  possess  a  cell  wall,  the  evidence  being  against 
rather  than  in  favour  of  its  presence. 

The  red  blood  corpuscles  in  all  vertebrata,  except  the 
mammalia,  are  nucleated  clumps  of  protoplasm ;  they  are 
therefore  minute  cells.  In  mammals,  owing  to  the  ab- 
sence of  a  nucleus,  they  do  not  accord  with  the  definition 
of  a  cell  given  on  p.  116,  and  they  are  not  therefore 
morphologically  identical  with  the  red  corpuscles  in  other 
vertebrates.  '  What  their  precise  homology  may  be  is  some- 
what difficult  to  say,  owing  to  the  obscurity  which  prevails 
as  to  their  exact  origin.  If  they  are  merely  clumps  of 
specially  modified  protoplasm,  budded  off  from  the  white 
corpuscles,  then  they  are  cytodes.  If,  as  some  have  sup- 
posed, they  are  the  nuclei  of  the  white  corpuscles,  specially 
modified  in  composition,  then  they  are  free  nuclei.  If, 
ao-ain,  they  are  the  white  corpuscles,  the  cell  substance  of 
which  has  undergone  a  special  differentiation,  and  the 
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nucleus  has  disappeared,  then  they  are  potentially  cells, 
though  no  nucleus  is  visible.  Whatever  may  be  their  exact 
homology,  there  can  be  no  doubt  that  the  non-nucleated 
mammalian  red  corpuscle,  and  the  substance  of  the  nu- 
cleated red  corpuscle  which  lies  outside  the  nucleus,  are 
functionally  identical  with  each  other;  the  protoplasm  hav- 
ing undergone  a  special  chemical  differentiation  into  hsemo- 
globin,  a  proximate  principle  characterised  by  containing 
iron  as  its  essential  constituent.  The  action  of  water, 
spirit,  acids,  alkalies,  various  gases,  heat,  cold,  and  electri- 
cal currents,  on  the  red  corpuscles  has  been  studied  by 
several  observers,  and  the  conclusion  has  been  reached  that 
the  corpuscles  consist  of  a  "  stroma,"  with  which  the 
colouring  matter  is  blended,  but  from  which  it  may  be 
separated  without  the  stroma  affording  any  evidence  of  the 
presence  of  an  investing  envelope  or  membrane.  When 
blood  is  drawn  from  the  vessels  the  red  corpuscles,  in  about 
half  a  minute,  run  together  into  piles,  like  rouleaux  of  coins 
(Fig.  29),  which  arrange  themselves  into  irregular  meshes. 
In  inflammatory  diseases,  and  in  the  blood  of  pregnant 
women,  the  piles  of  corpuscles  form  more  readily,  and  at 
the  same  time  sink  rapidly  below  the  surface  of  the  fluid, 
so  as  to  cause  the  "buJffy  coat"  seen  in  the  blood  coagnlum. 
In  the  healthy  blood  of  horses  a  bufiy  coat  is  formed  as  a 
natural  condition  of  the  coagulation. 

One  of  the  most  curious  properties  possessed  by  the 
living  white  blood  corpuscle  is  that  of  protruding  delicate 
processes  from  its  circumference,  which  processes  may 
change  their  shape,  or  be  again  withdrawn  into  the  sub- 
stance of  the  corpuscle,  which  then  resumes  its  former 
circular  outline.     These  processes  resemble  the  sarcode 
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prolongations  wliicli  Amceha  and  other  RhizoiDods  can  pro- 
ject from  various  parts  of  tlieir  circumference  (Fig.  25) ; 
and  as  a  white  blood  corpuscle,  like  an  Amoeba,  can  by  the 
movements  of  the  processes  change  its  position,  the  term 
"amoeboid  movements"  has  been  applied  to  the  pheno- 
mena in  question.  Like  an  Avioeba,  also,  a  white  corpuscle 
can  by  these  movements  include  within  its  substance 
minute  particles  of  solid  matter  which  it  may  come  in 


l-'lG.  29. — 1,  red  corpuscles  of  healthy  human  blood ;  2,  red  corpuscles  beginninR 
to  form  rouleaux;  3,  mesh-like  arrangement  in  healthy  blood;  4,  mesh-like 
arrangement  in  buffy  blood,  where  the  meshes  are  larger  than  in  healthy 
blood. 

contact  with  in  its  path.  Thirty  years  ago  W.  Addison 
stated  that  the  white  blood  corpuscles  coidd  pass  through 
the  walls  of  the  blood-vessels  into  the  surrounding  tissue, 
where  they  formed  mucus  corpuscles,  and,  under  certain 
pathological  conditions,  the  corpuscles  of  pus  or  inflam- 
matory lymph.  The  passage  of  white  blood  corpuscles 
through  the  wall  of  the  capillaries  was  seen  in  1846  by 
A.  Waller ;  and  though  for  many  years  his  observations 
were  ignored,  yet  the  more  recent  inquiries  of  Cohnheim 
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and  otLers  into  the  subject  have  anew  directed  attention 
to  them.  It  is  now  generally  admitted  that  the  migration, 
of  these  corpuscles  from  the  blood  through  the  wall  of  the 
capillaries  into  the  tissues  does  take  place,  and  that  they 
may  then  "  wander  "  to  and  fro,  owing  to  the  mobility  of 
their  contractile  protoplasm.  These  migrated  corpuscles 
are  also  beheved  to  play  an  important  part  in  many 
physiological  and  pathological  processes. 

But  the  blood  contains,  in  addition  to  the  red  and  white 
corpuscles,  still  more  minute  particles,  which  are,  however, 
inconstant  in  number.  Minute  globules  have  been  de- 
scribed by  Beale  and  Max  Schultze,  which  are  probably 
detached  fragments  of  protoplasm  budded  off  from  the 
white  corpuscles;  and  Zimmermann  has  described,  as 
elementary  corpuscles,  minute  particles,  which  are  appar- 
ently derived  from  broken-up  red  corpuscles. 

In  the  very  young  embryo  the  blood  corpuscles,  like 
the  capillary  blood-vessels  themselves,  are  formed  by  special 
differentiation  of  the  mesoblast  cells  of  the  vascular  area, 
the  nuclei  of  which  multiply  by  fission  and  form  the  em- 
bryonic blood  corpuscles,  which  at  first  are  colourless,  but 
afterwards  assume  a  red  colour.  In  mammals  the  earliest 
red  blood  corpuscles  are  nucleated  and  larger  than  the  future 
red  discs,  but  as  development  goes  on,  non-nucleated  red 
corpuscles  appear,  and  as  their  number  increases,  both 
absolutely  and  relatively  with  the  progress  of  the  foetus,  in 
course  of  time  all  the  nucleated  red  corpuscles  have  dis- 
appeared, and  are  replaced  by  the  non-nucleated  discs.  In 
adults  the  red  corpuscles  are  believed  to  be  derived  from 
the  white  corpuscles,  though  the  exact  process  of  meta- 
morphosis has  not  been  satisfactorily  ascertained.    It  is 
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also  believed  that  red  corpuscles  may  be  new-formed  in  tbe 
spleen,  and  Neumann  has  recently  stated  that  the  cells  of  the 
red  marrow  of  the  bones  may  serve  as  a  centre  of  origin  for 
the  red  blood  corpuscles.  In  the  f  cstus  the  liver  apparently 
serves  as  a  centre  of  origin  for  the  white  corpuscles,  but  its 
blood  corpuscle  forming  function  ceases  at  the  time  of 
birth.  Throughout  extra-uterine  life  the  spleen  and  the 
lymphatic  glands  are  without  doubt  organs  of  formation 
of  the  colourless  corpuscles, — those  produced  in  the  lymph- 
atic glands,  under  the  name  of  lymph  corpuscles,  being 
mingled  with  the  blood-stream  where  the  fluid  lymph  flows 
into  the  venous  system.  When  mixed  with  the  blood,  the 
lymph  corpuscles  become  the  white  blood  corpuscles. 

Corpuscles  are  also  found  in  the  blood  of  the  inverte- 
brata.  They  are  as  a  rule  colourless,  but  R.  Wagner 
pointed  out  that  in  the  Cephalopods  they  are  coloured. 
They  are  sometimes  round,  at  others  oval  or  fusiform,  and 
in  worms  and  insects  have. even  branched  processes.  They 
are  always  nucleated. 


The  Lymph  and  Chyle. 

The  lymph  is  the  fluid  found  in  a  subdivision  of  the 
vascular  system  named  the  lymph  vascular  system.  It  is 
transparent  and  colourless,  and  contains  numerous  cor- 
puscles floating  in  it,  which  correspond,  in  appearance, 
structure,  and  the  possession  of  the  property  of  ameboid 
movements,  to  the  white  corpuscles  of  the  blood.  The 
lymph  corpuscles  are  formed  in  the  glands  situated  in  the 
course  of  the  lymph  vessels,  and  are  carried  away  from  the 
glands  by  the  stream  of  lymph  which  flows  through  them. 
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The  chyle  is  a  milky  fluid  found  during  the  period  of 
digestion  in  the  delicate  lacteal  vessels  which  pass  from  the 
walls  of  the  intestine.  The  lacteals  join  the  lymphatics  at 
the  back  of  the  abdomen  to  form  the  thoracic  duct  in 
which  the  lymph  and  chyle  become  mingled  together.  The 
chyle  contains  corpuscles  similar  to  the  lymph  corpuscles, 
which  are  apparently  derived  from  the  lymph  glands  in 
the  mesentery,  through  which  the  chyle  flows  on  its  way  to 
the  thoracic  duct.  The  fluid  of  the  lymph,  the  chyle,  and 
the  blood,  in  which  the  corpuscles  are  suspended,  is  some- 
times described  as  a  fluid  intercellular  substance.  Cor- 
puscles possessing  the  type  of  structure  of  the  lymph 
corpuscles,  are  named  lymphoid  cells  or  leucocytes. 

Cells  are  also  met  with  floating  free  in  the  secretions 
formed  in  the  interior  of  some  of  the  glands.  They  are 
more  particularly  found  in  the  secretion  of  mucus  from 
the  mucous  glands,  and  of  saliva  from  the  salivary  glands 
(fig.  33,  B).  They  are  round,  colourless,  nucleated  cor- 
puscles, and  are  not  unlike  the  white  corpuscles  of  the 
blood. 


SECOND  GEOUP  OF  TISSUES. 

Cells  placed  on  Feee  Suefaces. 

By  the  term  Free  Surface  is  meant  a  surface  which  is  not 
blended  with  or  attached  to  adjacent  structures,  but  is  free 
or  separable  from  them  without  dissection.  Every  free 
surface  is  covered  by  one  or  more  layers  of  cells.  It  has 
been  customaiy  to  name  these  cells  Epithelium,  and  to 
speak  of  a  simple  or  a  stratified  epithelium,  according  as 
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the  cells  are  arranged  in  one  or  in  several  layers.  But  it 
has  recently  been  suggested  by  His  that  the  cells  lining  the 
inner  surface  of  the  wall  of  the  vascular  and  serous  canals 
and  cavities  should  be  termed  Endothelium,  whilst  the  cells 
covering  the  mucous  surfaces  should  form  the  Epithelium 
properly  so-caUed.  The  cells  situated  on  the  free  surface 
of  the  skin,  though  usually  termed  the  epidermis  or  cuticle, 
may  also  be  referred  to  the  epithelial  structures.  Speak- 
ing generally,  one  may  say  that  by  the  term  Epithehum  is 
meant  the  cells  situated  on  free  surfaces  which  are  exposed 
either  directly  or  indirectly  to  the  air ;  whilst  by  the  term 
Endothelium  is  meant  the  cells  situated  on  free  siu'faces 
which  are  not  exposed  either  directly  or  indirectly  to  the 
air. 

Epithelium. 

The  free  surfaces  covered  by  an  epithelium  are  the  mem- 
branes, named,  from  the  character  of  their  secretion, 
the  mucous  membranes,  and  the  skin. 

The  Mucous  Membranes  line  internal  passages  and  canals, 
and  are  continuous  at  certain  orifices  with  the  skin, — e.g., 
the  mucous  membrane  of  the  alimentary  canal  opens  on  the 
surface  at  the  mouth  and  anus ;  the  mucous  membrane  of 
the  respiratory  passage  opens  on  the  surface  at  the  nostrils, 
and  is  continuous  in  the  pharynx  with  the  alimentary 
mucous  membrane— it  is  also  prolonged  through  the  Eusta- 
chian tube  into  the  tympanum,  and  is  continuous  through  the 
nasal  duct  with  the  conjunctiva;  the  geuito-urinary  mucous 
membrane  opens  on  the  surface  at  the  orifice  of  the  urethra 
and  vagina.  Mucous  membranes  also  Hue  the  ducts  of  the 
various  glands  which  open  on  the  surface  either  of  the  skin 


EPITHELIUM. 


131 


or  tlie  several  mucous  canals.  The  epithelial  cells  are  as 
a  rule  arranged  in  layers  or.  strata,  and  the  shape  of  the 
ceUs  is  by  no  means  uniform  in  the  different  layers.  The 
cells  of  the  deeper  strata  are  usually  smaller,  softer,  more 
rounded,  and  more  recently  formed  than  those  of  the  super- 
ficial strata,  though  sometimes,  as  in  the  bladder,  conjunc- 
tiva, and  some  other  mucous  surfaces,  they  may  be  irregular 
in  form  and  size,  or  even  elongated  into  short  columns. 
The  cells  next  the  free  surface  have  a  tendency  to  be  shed, 
and  their  place  is  then  taken  by  the  cells  of  the  deeper 
layers,  which  become  modified  in  form  as  they  approach 
the  surface.  The  form  of  the  cells  of  the  superficial  layer 
varies  in  different  localities,  which  has  led  to  a  division  of 
epithehum  into  groups  bearing  appropriate  names.  Epithe- 
hum  is  distinguished  further  by  being  devoid  of  blood- 
vessels, i.e.,  it  is  non-vascular;  and  also,  with  some  excep- 
tions, devoid  of  nerves,  i.e.,  non-sensitive. 

The  epithelial  cells,  whether  arranged  in  one  or  several 
strata,  rest  upon  a  subjacent  tissue,  which,  from  its  rela- 
tion to  the  cells,  may  be  called  sub-epithelial.  The  sub- 
epithelial tissue  is  a  form  of  the  fibrous  variety  of  connec- 
tive tissue,  to  be  subsequently  described,  and  in  it  lie  the 
nerves,  the  blood  and  lymph  vessels,  and  the  involuntary 
muscular  tissue  of  the  skin  and  mucous  membranes;  hence 
it  is  sometimes  described  as  a  fibro-vascular  tissue  or  cori2ivi. 
It  was  for  a  long  time  believed  that,  between  the  deeper  sur- 
face of  the  epithelium  and  the  corium,  a  definite,  homo- 
geneous, continuous  membrane,  named  by  Bowman  a  base- 
ment membrane,  intervened,  wHch  formed  a  sharp  Hne  of 
demarcation  between  the  epitheKal  and  the  sub-epithelial 
tissue.    Bowman,  however,  himself  admitted  that  in  some 
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of  the  localities  where  this  membrane  was  theoretically  sup- 
posed to  exist  it  could  not  satisfactorily  be  demonstrated  ; 
and  it  is  probable  that  the  tissue  on  which  the  epithelium 
rests  is  only  a  somewhat  condensed  form  of  the  sub-epithe- 
lial connective  tissue,  which  assumes  in  some  localities  a 
membrane-like  appearance.     The  recent  observations  of 
H.  Watney,  indeed,  show  that,  in  the  mucous  membrane  of 
the  alimentary  canal,  a  delicate  retic\d.um  of  connective 
tissue  is  prolonged  between  the  epithelial  cells.    The  corium 
is  also  the  seat  of  numerous  glands,  with  their  blood  and 
lymph  vessels  and  nerves ;  and  the  epithelial  hniug  of  the 
glands  is  continuous  at  their  orifices  with  the  epithelial  in- 
vestment of  the  corium.    The  surface  both  of  the  mucous 
membranes  and  skia  is  usually  more  or  less  undulated — 
sometimes  it  is  thrown  into  strong  folds  or  rugae,  at  others  it 
is  elevated  into  minute,  frequently  conical,  processes,  named 
in  some  locaHties  papillae,  in  others  villi;  but  in  all  these 
cases  the  epithelium  is  prolonged  as  a  continuous  cover- 
ing over  the  undulating  free  surface.    The  free  surface  of 
all  mucous  membranes  is  kept  moist  by  the  secretion  or 
mucus  which  lubricates  it. 

Tessellated,  pavement,  scaly, 
or  squamoiis  epithelium  is  .situ- 
ated on  the  free  surface  of  the 
mucous  lining  of  the  mouth, 
pharynx,  oesophagus,  vestibular 
entrance  to  the  nose,  ocular 
conjunctiva,  and  entrance  to  the 
Fig  30  —Scaly  epithelium  from  the  urethra  and  vagina.    It  forms 

mucous  membrane  of  tlie  moutli.  *  4.1,„ 

under  the  special  name  of  the 
horny  layer  of  the  cuticle  or  epidermis,  the  superficial  in- 
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vestment  of  the  skin.  Its  cells  are  nucleated,  flattened 
scales,  varying  in  diameter  from  ^^otli  to  -ro^o-th  inch. 
Those  in  the  same  layer,  being  in  contact  by  their  edges, 
form  a  tessellated,  pavement -like  arrangement,  whilst  the 
cells  in  adjacent  layers  have  their  flattened  surfaces  in  con- 
tact with  each  other.  Sometimes  the  cells  have  ja,gged, 
prickle-like  edges,  or  fluted  surfaces,  and  usually  they  con- 
tain scattered  granular  particles.  In  the  formation  of  this 
epithelium  a  morphological  difi"erentiation  of  the  protoplasm 
of  the  rounded  cells  of  the  deeper  strata  into  flattened 
scales,  and  at  the  same  time  a  chemical  difi'erentiation  of 
their  soft  contents  into  a  horny  material,  have  occurred. 

Columnar  or  cylindrical  epithelium  is  situated  on  the 
free  surface  of  the  mucous  lining  of  the  alimentary  canal 
from  the  oesophageal  orifice  of  the  stomach  to  the  anus  ;  it 
is  prolonged  into  the  ducts  of  various  glands  which  open  on 
the  ahmentary  mucous  membrane ;  it  covers  the  mucous 
lining  of  the  urethra  and  the  mucous  membrane  of  the 
gall  bladder.  Its  ceUs  are  elongated,  cylindrical  columns, 
about  ^i-oth  inch  long,  placed  side  by  side  Hke  a  row  of 
palisades,  and  with  their 

long  axes  perpendicular    ry^^S^  W^^^^M^^f 
to  the  surface  on  which   ^o^'^^^^    ^^P^  ^mII^P*'^ 
the  cells  rest.     Some-         ^  ^ffjP^ 

times  thp  ppIIs  arA  nm'  31.— Columnar  epithelium.    A,  side  view 

iiuibS  tne  CeUS  are  Uni-     of  a  group  of  ceUs;  B,  larger  fi  ee  end  of  a 

fnrmlir    n,r1-;r,^1r.;„„1         i     F°"P  °^  ^'  "  striated  columnar  ceU 

lormly  cylindncal ;  at  from  intestinal  viuus. 
other  times  they  are  compressed  at  the  sides  j  at  others 
they  vary  in  circumference,— the  broader  end,  lying  next 
the  surface,  being  rounded  or  polygonal ;  the  deeper  or  at- 
tached end  being  narrower  and  more  pointed.  The  nuclei 
are  distinct,  and  the  cell  contents  are  finely  granular. 
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Usually  this  epithelium  forms  only  a  single  layer  of  cells. 
The  columnar  cells  which  cover  the  intestinal  villi  have 
a  clear  space  at  their  broad  free  ends,  which  is  often 
streaked  with  fine  parallel  lines  (Fig.  31,  C).  Intermingled 
with  the  cells  of  the  columnar  epithelium  of  the  alimentary 
canal  are  small  goblet-shaped  cells. 

Ciliated  epithelium  is  situated  on  the  free  surface  of  the 
nasal  mucous  membrane,  which  extends  into  the  air-sinuses 
within  the  cranial  bones,  into  the  nasal  duct  and  lachry- 
mal sac,  into  the  Eustachian  tube  and  tympanum ;  on  the 
free  surface  of  the  mucous  membrane  of  the  windpipe  as 
far  as  the  terminal  branches  of  the  bronchial  tubes;  on 
the  mucous  surface  of  the  uterus  and  Fallopian  tubes ;  on 
the  mucous  lining  of  the  commencement  of  the  vas  deferens, 
and  on  the  lining  membrane  of  the  ventricles  of  the  brain 
and  central  canal  of  the  spinal  cord.    It  generally  consists 
of  columnar  cells,  which  have  at  their  free  ends  extremely 
slender,  soft,  pellucid,  hair-like  processes,  or  cilia.  These 
cilia  are  specially  differentiated  at  the 
free  ends  of  the  epithelium  cells  from 
which  they  j)roject.   Beale  states  that 
the  soft  bioplasm  (protoplasm)  of  the 
body  of  the  cell  is  prolonged  along  the 
FiG.32.— cuiatedepitheUum  axis  of  each  ciliiim,  whilst  the  peri- 
phery possesses  the  firmer  consistence 
of  formed  or  differentiated  material.    During  life  these 
processes  move  rapidly  to  and  fro  in  the  fluid  which 
moistens  the  surface  of  the  membrane  ou  which  this 
form  of  epithelium  is  situated.    In  the  human  body  the 
cilia  are  not  more  than  from  ^^-jr^h  to  j^-^th  inch  in 
length ;  but  in  various  marine  invertebrata  they  are  both 
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longer  and  stronger.  Sometimes,  as  in  the  lining  mem- 
brane of  the  cerebral  ventricles  and  central  canal  of  the 
spinal  cord,  the  cells  carrying  the  cilia  are  either  spheroidal 
or  cylindrical.  Cilia  occasion  currents  in  the  fluid  in 
which  they  move,  and  play  an  important  part  in  the 
economy  of  many  animals;  in  some  of  the  invertebrata 
they  serve  as  organs  of  locomotion,  in  others  they  propel 
currents  over  respiratory  surfaces,  and  in  others  aid  in 
bringing  food  within  the  animal's  reach. 

Spheroidal  or  glandular  epithelium  is  situated  on  the  free 
surface  of  the  foUicles  or  ultimate  secreting  apparatus  of 
glands,  and  the  commencement  of  gland  ducts.  The  cells  are 
often  spheroidal  in  form,  though  not  unfrequently  they  are 
polyhedral.  Theircontentsarespeciallydifferentiated  into  the 
secretion  of  the  particular  gland  in  which  they  are  situated. 

The  epithelial  cells  of  a  Secreting  Gland  rest  upon  a  sub- 
epithelial tissue.  Not  unfrequently  this  tissue  has  the 
appearance  of  a  membrane ; 
it  represents,  indeed,  the 
basement  membrane  of 
Bowman,  and  is  called 
memhrana  propria.  Deeper 

.■1  ,  .  Fig.  33. — A,  polyhedral  gland  cells  from 

tnan  tms  apparent  mem-  the  liver ;  B,  spheroidal  gland  ceUs  from 
,  .  the  saUva. 

brane  is  a  dehcate  con- 
nective tissue  in  which  the  blood  and  lymph  vessels  and 
the  nerves  of  the  gland  ramify.  The  anatomical  struc- 
tures necessary  for  secretion  are  cells,  blood-vessels,  lymph- 
vessels,  and  nerves.  The  blood-vessels  convey  the  blood 
from  which  the  secretion  has  to  be  derived  ;  the  ceUs,  as 
Goodsir  showed  by  a  variety  of  proofs,  are  the  active 
agents  in  separating  the  secretion  from  the  blood;  the 
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nerves  regulate  the  size  of  the  blood-vessels,  and  there- 
fore the  amount  of  blood  which  circulates  through  the 
gland,  and  also  exercise  some  direct  influence  on  the 
activity  of  the  cells.  The  function  of  the  lymph-vessels 
is  not  so  well  understood,  but  the  researches  of  Ludwig 
and  of  some  of  his  pupils  have  shown  their  relation  to 
the  secreting  structure  of  several  glands.  The  connective 
tissue  and  the  memhrana  propria  are  merely  supporting 
structures  for  the  cells,  vessels,  and  nerves.  All  secreting 
glands  have  the  same  general  type  of  structure,  though 
they  differ  from  each  other,  as  will  be  pointed  out  when 
the  individual  glands  are  described,  in  the  degree  of 
complexity  in  which  their  constituent  parts  are  arranged. 
The  simplest  form  of  gland  is  a  short  tube,  closed  at  its 
deep  end,  whilst  the  opposite  end  has  a  mouth  opening  on 
a  free  surface,  as  in  the  glands  of  the  intestine ;  but  in 
other  cases  the  tube  may  branch  at  its  deep  end,  as  in  the 
glands  of  the  stomach;  or  it  may  become  greatly  elon- 
gated and  roUed  into  a  ball,  as  in  the  sweat  glands  ;  or  it 
may  branch,  and  the  branches  may  form  coUs  and  loops, 
as  in  the  kidney;  or  the  tube  may  branch,  and  the 
branches  may  dilate  into  sac-like  expansions,  or  acini,  as 
in  the  compound  racemose  group  of  glands,  of  which  the 
salivary  glands,  the  mamm^,  the  lachrymal  glands,  and  the 
pancreas  are  good  examples. 

Transitional  epithelium  is  the  name  applied  to  epithelial 
cells,  situated  on  some  free  surfaces,  which  possess  transi- 
tional forms  either  between  the  columnar  and  tessellated 
epithelia,  or  the  columnar  and  spheroidal,  and  not  unfre- 
quently  have  a  cubical  shape.  The  epithelium  of  the 
mucous  Hning  of  the  bladder  is  transitional  between  the 
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columnar  and  scaly  varieties ;  and  in  many  glands  the 
continuity  of  the  epithelial  layer  from  the  spheroidal  epi- 
thehum  of  the  gland-follicles  to  the  columnar  epithelium 
of  the  gland-ducts  is  preserved  by  the  interposition  of  inter- 
mediate transitional  forms  of  cells. 

The  epithelial  surfaces  of  the  upper  part  of  the  mucous 
lining  of  the  nose  and  of  the  back  of  the  tongue  are 
specially  modified  in  connection  "with  the  senses  of  smell 
and  taste  localised  in  those  regions,  as  will  afterwards  be 
considered  when  their  anatomy  is  described. 

Both  the  upper  germinal  layer,  or  epiblast,  and  the  under, 
or  hypoblast  layer  of  the  embryo  serve  as  surfaces  of  origin 
for  epithehal  cells,  and  it  is  believed  that  the  epithelial 
covering  of  the  genito-urinary  mucous  membrane  is  derived 
from  a  difi"erentiation  of  certain  of  the  cells  of  the  middle 
germinal  layer  or  mesoblast.  The  cells  of  the  hypoblast 
give  origin  to  the  epithelium  of  the  alimentary  canal  below 
the  mouth,  and  to  the  epitheliumi  of  the  various  glands 
which  open  into  this  part  of  the  digestive  tract ;  also  to 
the  epithelial  lining  of  the  windpipe  and  air  cells.  The 
cells  of  the  epiblast  give  origin  to  the  epidermal  covering 
of  the  skin,  the  epithelial  lining  of  the  sweat  glands,  seba- 
ceous glands,  and  mammae,  which  open  on  the  surface  of 
the  skin;  also  to  the  epithelial  lining  of  the  mouth  and  the 
salivary  glands  opening  into  it ;  also  to  the  epithelial  lining 
of  the  nose  and  of  the  glands  connected  with  its  mucous 
membrane.  But,  further,  the  epithehal  cells  lining  the 
cerebral  ventricles,  the  central  canal  of  the  spinal  cord,  and 
the  membranous  labyrinth,  are  primarily  derived  fr  om  the 
cells  of  the  epiblast.  For  though  these  canals  and  spaces 
are,  when  development  is  completed,  shut  off  from  all  con- 
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nection  with  the  outer  surface  of  the  body,  yet  they  are 
originally  continuous  with  the  layer  of  epiblast,  and  only 
become  discontinuous  with  it  when  from  the  great  develop- 
ment of  the  adjacent  part  of  the  mesoblast,  required  for 
the  formation  of  the  bony  walls  which  enclose  the  laby- 
rinth and  cerebro-spinal  nervous  axis,  the  original  connec- 
tion is  severed. 


Endothelium. 

The  free  surfaces  covered  by  an  endothelium  are  the 
serous  membranes,  the  inner  surface  of  the  walls  of  the 
lymph  and  blood  vessels  and  of  the  heart,  the  synovial 
membranes  of  joints,  of  synovial  sheaths  and  bursse.  The 
tubes,  canals,  and  cavities  lined  by  an  endothelium  care 
shut  off  from  all  communication  with  the  external  atmo- 
sphere. The  cells  of  the  endothelium  are  arranged  so  as 
to  give  perfect  smoothness  to  the  surface  which  they  cover. 
In  the  blood  and  lymph  vessels  this  smoothness  of  surface 
is  in  order  to  facilitate  the  flow  of  the  blood  and  lymph  in 
the  coiu-se  of  the  cii'culation.  The  serous  and  synovial 
membranes  are  found  covering  the  surfaces  of  parts  which 
move  on  each  other,  and  the  smoothness  of  their  respective 
surfaces,  by  permitting  freedom  of  movement,  diminishes 
the  friction. 

EndotheUal  cells  form  only  a  single  layer,  and  are,  as  a 
rule,  flattened  scale-like  cells,  arranged  after  the  manner  of 
a  tesseUated  epithelium.  EndotheUum,  like  epithelium,  is 
non-vascular,  and,  so  far  as  is  known,  non-nervous. 

The  endothelial  cells  rest  upon  a  sub-endothelial  tissue, 
consisting  of  the  fibrous  variety  of  connective  tissue. 
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Here,  as  in  the  surfaces  covered  by  epithelium,  a  base- 
ment membrane  was  at  one  time  supposed  to  intervene 
between  the  cells  and  the  connective  tissue ;  but  it  is 
now  believed  that  the  cells  are  in  direct  contact,  by  their 
deeper  surface,  with  the  connective  tissue  itself,  which 
serves  as  the  framework  of  support  for  the  blood  and 
lymph  vessels  and  the  nerves  of  the  part.  In  the  serous 
membranes  and  in  the  coats  of  the  larger  blood-vessels 
elastic  fibres  are  present  in  considerable  numbers  in  the 
sub-endotheUal  tissue.  In  the  serous  membranes  the  lymph- 
vessels  are  very  abundant  in  the  sub-epithelial  tissue,  where 
they  form  a  layer  parallel  to  the  free  surface  of  the  mem- 
brane, from  which  short  vessels  pass  vertically  to  open  by 
minute  orifices  into  the  serous  cavity.  The  serous  mem- 
branes are  attached  by  the  sub-endothelial  connective  tissue 
to  the  organs  which  they  invest. 

Each  Serous  Membrane  consists  of  a  portion  which  invests 
the  viscus  or  organ,  named  the  visceral  layer,  and  a  portion 
which  lines  the  walls  of  the  cavity  iu  which  the  organ  is 
situated,  named  the  parietal  layer.  Between  these  two 
layers  is  the  so-called  serous  cavity,  the  wall  of  which  is 
formed  by  the  smooth  surfaces  of  both  the  parietal  and  the 
visceral  layers.  The  serous  membranes  are  as  follows : — The 
two  pleura  situated  in  the  cavity  of  the  chest,  one  invest- 
ing each  lung,  and  lining  the  interior  of  that  part  of  the 
thoracic  cavity  in  which  the  lung  is  situated;  the  pericar- 
dium, which  invests  the  heart,  and  lines  the  bag  in  which 
the  heart  is  contained ;  the  peritoneum,  which  invests  the 
abdominal  viscera,  and  lines  the  abdominal  cavity;  and 
the  arachnoid  membrane,  which  invests  the  brain  and  spinal 
cord,  and  is  regarded  by  many  as  lining  the  dura  mater,  the 
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membrane  which  encloses  these  important  organs.  The 
smooth  free  surfaces  of  the  serous  membranes  are  moistened 
by  a  limpid  fluid,  or  serum,  which  facilitates  their  move- 
ment on  each  other,  just  as  the  free  smooth  surfaces  of  the 
synovial  membranes  are  lubricated  by  the  viscid  synovia 
which  they  secrete. 

The  endothelium  of  the  Serous  Membranes  consists  of  a 
layer  of  irregular  squamous  cells,  the  edges  of  which  may 
be  smooth  or  slightly  serrated.  The  cells  are  closely  adapted 
to  each  other  by  their  edges,  so  as  to  form  a  continuous 

smooth  layer,  which  forms 
the  free  surface  of  the  serous 
membrane.  Scattered  irre- 
gularly over  this  surface  are 
the  minute  orifices,  orstomata, 
which  open  into  lymphatic 
vessels.   The  cells  which  sur. 

Fig.  34.  —  EndoHielM  cells  from  the       ^  0.1^  s+nmifn  rliflfpr  in 

peritoneal  serous  membrane.    Three  TOUna  tUC  Stomata  Umer  m 

stomata  may  he  seen  surrounded  by             „„ J  m-iiiPflvnTiPP  from 

polyhedral  nucleated  cells;  tlie  one  ^^im    ana  appeaidnce  irom 

to  the  left  is  closed.    The  light  band  ,1           j-  . 

marks  the  position  of  a  yerwcal  lym-  the   ordmary  eudothehum , 

phytic  vessel.    (After  Klein.)  ^^^^  ^^^^^^^ 

polyhedral,  their  contents  are  granular,  and  the  nucleus  is 
more  distinct 

The  endothelium  lining  the  Lymphatic  Vessels  consists 
of  a  layer  of  flattened  cells,  which,  instead  of  having  an 
irregular  shape,  are  elongated  and  slightly  sinuous  in  out- 
line. The  endothelium  of  the  lymphatics  is  continuous 
with  that  of  the  serous  membranes  through  the  stomata, 
so  that  the  cavities  of  the  serous  membranes  are  now  re- 
garded as  gi-eat  lymph-sacs. 

The  endothelial  Uning  of  the  Blood-Vessels  corresponds 
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in  general  characters  with  that  of  the  lyrhphatics.  In  the 
small  blood  capillaries  the  cells  are  fusiform ;  in  those  of 
larger  size,  more  irregular  :  in  the  veins  they  are  broader, 
more  irregular,  and  less  distinctly  fusiform  than  in  the 
arteries.  The  endothelial  covering  of  the  endocardial 
lining  of  the  heart  consists  of  a  layer  of  flattened  cells 
with  irregular  outlines.  The  endothelial  lining  of  the 
blood-vascular  system  is  .  continuous  with  that  of  the 
lymph-vascular  system,  where  the  thoracic  duct  and  other 
large  lymph-vessels  open  into  the  great  veins,  and  thus  a 
continuity  of  surface  is  established  between  the  serous 
membranes  and  the  lining  membrane  of  the  blood-vascular 
system  through  the  lymphatics. 

The  endothelium  of  the  Synovial  Membranes  forms  a 
layer  of  polygonal,  tessellated  cells,  on  the  inner  surface  of 
the  vascular  connective  tissue  of  the  synovial  capsules. 
The  existence  of  a  continuous  layer  of  such  cells,  though 
denied  by  Hiiter  and  Reyher,  has  been  established  by  Till- 
manns.  Villous  processes  of  the  sub-endotheUal  vascular 
connective  tissue  called  synovial  fringes,  covered  by  endo- 
thelium, project  into  the  cavities  of  joints  and  synovial 
bursse,  and  contribute  to  the  formation  of  the  synovia 
which  lubricates  the  surfaces  of  a  synovial  membrane. 

Endothelium  is  developed  exclusively  from  the  cells  of 
the  mesoblast,  from  which  cells  also,  by  histological  dif- 
ferentiation, are  formed  the  organs  to  which  the  endothelium 
serves  as  a  lining.  Between  the  endothelium  and  the  con- 
nective tissue  a  close  genetic  co-relationship  obviously 
exists,  and  the  flattened  endothelial  cells  are  apparently 
specially  differentiated  on  the  surface  of  the  bundles  of 
connective  tissue. 
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THIRD  GEOUP. 

Cells  imbedded  in  Solid  Tissues. 

The  cells  wMch  are  imbedded  in  the  soUd  tissues  are 
either  grouped  together  in  considerable  masses,  or,  as 
not  unfrequently  happens,  are  more  or  less  separated  by 
an  intermediate  matrix,  or  intercellular  substance.  The 
matrix  substance  varies  in  its  character  in  dififerent  tissues, 
and  sometimes  is  so  abundant  as  to  obscure  the  cells. 
The  textures  which  are  constructed  on  this  plan  are  of 
great  importance,  and  constitute  by  far  the  larger  propor- 
tion of  the  tissues  not  only  of  the  human  body,  but  of  the 
bodies  of  animals  generally.  Sometimes  these  tissues  are 
elongated  into  delicate  threads  or  fibres,  at  other  times  they 
are  expanded  into  thin  membranes,  at  others  they  form 
solid  masses  of  considerable  thickness. 

Connective  Tissue. 

By  the  term  Connective  Tissue  is  meant  a  group  of 
tissues  which,  though  the  members  of  the  group  differ  in 
various  respects  from  each  other,  both  in  naked  eye  and 
microscopic  characters,  yet  agree  in  the  property  of  bind- 
ing or  connecting  together  other  tissues  or  parts  of  the 
body,  and  in  serving  as  a  supporting  framework  for  more 
delicate  tissues.  This  group  of  tissues  is  the  most  exten- 
sively diffused  of  aU  the  textures,  for  there  is  no  organ  in 
the  body  which  does  not  contain  one  or  other  of  its  forms. 
The  following  varieties,  based  on  modifications  in  their 
appearance  and  structm-e,  may  be  recognised. 
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a.  Neuroglia.  This  name,  which  means  nerve  ghie,  has 
been  applied  by  Virchow  to  the  delicate  tissue  in  the  cen- 
tral organs  of  the 
nervous  system, 
and  of  the  retina, 
which  supports 
the  nerve  cells, 
nerve  fibres,  and 
blood-vessels  of 
those  parts.  Mi- 
croscopically    it  Fig.  35.— Section  of  the  white  matter  of  the  cerebrum. 

•  ,      J.  TIiecoiTiuscles  of  the  nem-oglia,  nen-e  tibres,  and  capil- 

COnSlStS  01  small     lary  blood-vessels  are  i'epresented. 

round  or  ovoid  corpuscles,  imbedded  in  a  soft  granular 
protoplasm.  A  form  of  tumour,  named  Glioma,  is  some- 
times produced  by  the  excessive  growth  in  the  brain  or 
retina  of  this  variety  of  connective  tissue. 

h.  Retiform  connective  tissue  constitutes  the  stroma  or 
supporting  framework  of  the  lym- 
phatic and  other  glands  which 
possess  the  adenoid  type  of 
tissue.  It  consists  of  stellate 
branching  cells,  the  branches  of 

which    blend    with    each     other,  fio.  3G._Retiform  connective 

and  form  a  deUcate  anastomosing  ^'""^  ^  lymphatic  giana. 

network  or  reticulum.  In  the  lymph  glands,  the  colour- 
less lymph  corpuscles  are  set  in  the  meshes  of  this 
network.  In  the  soUtary  and  Peyer's  glands  of  the 
alimentary  canal,  in  the  tonsils,  at  the  back  of  the  tongue, 
111  the  posterior  wall  of  the  nasal  part  of  the  pharynx,  the 
palpebral  conjunctiva,  the  thymus  gland,  the  pulp  and 
Malpighian  bodies  of  the  spleen,  colourless  lymph-like 
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corpuscles  are  also  included  in  the  meshes  of  a  reticulum. 

The  name  adenoid  or  lymph- 
oid tissue  is  sometimes  em- 
ployed in  describing  this 
type  of  structure,  and  in 
some  forms  of  disease  the 
tissue  increases  in  certain 
localities  so  largely  in  quan- 
tity as  to  form  well-defined 
lymphoid  tumours. 

c.  Gelatinous  or  mucous 
Fig.  37.-Lyniphoid  cells,  included  in  a  connective  tissuc  {ScUeirruje- 
r  iy^f^hoid'trot'of'X  webe),  forms  the  connective 

naediastmum.  ^.^^^^  ^j^^    ^mhxyO,  the 

vitreous  humour  of  the  eye-ball,  and  the  jelly  of  Wharton, 
which  invests  the  blood-vessels  of  the  umbilical  cord.  It 
also  forms  the  middle  subdivision  of  the  enamel  organ  of  the 

teeth.  It  is  soft 
and  jelly-like  in 
consistency.  Mi- 
croscopically it 
consists  of  round- 
ed, or  spindle- 
Uke,  or  stellate 
cells,  imbedded 
in  a  soft  gela- 
tinous intercel- 
lular substance. 

the 

rnimrtpd  and  stclliUe  cells,  ana  tne  piiimu  uiuc. 

iron  of  the  SiterceUula"i-  substance  into  fibves.avc  shown.  mterceUular  sub- 

stance  is  in  part  differentiated  into  short  delicate  fibres. 


Fig  38 -Gelatinous  connective  tissue.    The  fusifom.  Sometimes 
loundedrand  stellate.cells,  and  the  partial  diffevcntm 
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Under  some  pathological  conditions,  this  form  of  tissue 
increases  largely  in  quantity  in  some  parts  of  the  body,  and 
forms  a  kind  of  tumour  named  Myxoma. 

d.  Fibrous  connective  tissue  presents  four  modifications 
in  appearance.  It  may  be  soft  and  delicate,  with  the 
fibres  short  and  but  faintly  marked,  as  in  the  sub-epithelial 
tissue  of  the  skin  and  mucous  membranes.  It  may  be 
loose,  flocculent,  and  filamentous,  and  may  contain  small 
spaces  or  areolse  (when  it  is  called  areolar  tissue),  as  is 
weU  seen  in  the  subcutaneous  tissue  of  the  adult,  and  in 
the  omenta.  It  may  be  expanded  in  the  form  of  a  fibrous 
membrane,  as  in  the  fascise  or  aponeuroses,  and  the  threads 
or  fibres,  strong  and  weU  marked,  sometimes  run  parallel, 
sometimes  cross  each  other  at  various  angles.  It  may  be 
collected  into  rounded  or  flattened  bands,  as  in  tendons  and 
ligaments,  where  it  forms  the  tendinous  and  ligamentous 
tissues.  Here  also  the  threads  or  fibres  may  be  distinctly 
recognised  and  seen  to  run  in  parallel  bundles,  so  as  to 
connect  together  the  two  structures  between  which  the 
tendon  or  ligament  passes. 

In  the  fibrous  form  of  connective  tissue,  both  cells  and 
intercellular  substance,  the  latter  of  which  is  differentiated 
into  fibres,  may  be  recognised.  The  ceUs  are,  as  a  rule, 
either  elongated,  or  fusiform,  or  caudate,  or  stellate  branched 
cells,  and  are  familiarly  known  as  the  connective  tissue 
corpuscles.  In  these  cells  the  nucleus  is  round  or  oval,  and 
usually  well  marked.  It  is  surrounded  by  granular  proto- 
plasm, but  it  is  very  doubtful  if  the  protoplasm  is  invested 
by  a  cell  wall.  Not  unfrequently,  more  especially  where  th« 
cells  are  stellate,  the  delicate  branched  protoplasm  processes 
of  adjacent  cells  appear  to  blend  at  their  extremities  with 
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each  other,  and  form  an  anastomosing  network.  The 
structure  of  tendons  has  been  recently  examined  with 
great  care  by  Eanvier,  Spina,  and  Thin  with  reference  to 
the  arrangement  of  their  cellular  constituents,  and  in  addi- 
tion to  the  fusiform  and  stellate  branched  ceUs,  which  had 

long  been  recognised, 
rows  of  cells  situ- 
ated between  and 
parallel  to  the  fibrous 
bundles  have  been 
described.  In  young 
tendons  these  cells 
are  polygonal,  but  in 
adult  tendons  they 
are  more  flattened. 
Thin  states  that  they 
form   a  continuous 

Fig  39.-Flat  cells  on  surface  of  tendo  AchiUisof  layer  of  flat  CeUs  m- 

afiog.  (From  Tim.)  vesting  not  Only  the 

individual  bundles  of  which  a  tendon  is  composed,  but  the 
surface  of  the  tendon  itself. 


no  40  -Cella  investing  the  primary  Dnndles  of  tendo  AchilUs  of  a  sheep. 
(From  Tliiii.) 

Key  and  Eetzius  have  recently  described  the  bundles 
of  sub-arachnoid  connective  tissue  as  suiTounded  by  a 
layer  of  flattened  ceUs,  and  a  simHar  arrangement  has 
been  recorded  by  Mihalkovics  around  the  bundles  of  the 
connective  tissue  stroma  of  the  testicle.    These  flat  endo- 
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tlielial-like  cells  are  obviously  a  special  diflferentiation  of 
the  formative  cells  of  the  connective  tissue  at  the  surface 
of  the  bundles. 

The  wide  diffusion  of  the  connective  tissue  throughout 
the  body,  and  the  great  importance  of  its  cellular  elements, 
have  been  esj)ecially  dwelt  on  by  Virchow  as  sources  of 
origin  of  the  new  cell  forms  which  arise  in  various  patho- 
logical processes. 

The  intercellular  substance  or  matrix  consists  of  fibres, 
which  are  not  uniform  in  shape,  and  are  divided  into  the 
two  groups  of  white  and  yeUow  fibres. 

The  white  fibres  of  connective  tissue  constitute  the 
most  common  form,  and  make  up  the  great,  bulk  of  most 
ligaments,  tendons,  and  fibrous  membranes. 
They  consist  of  excessively  delicate  fUaments, 
varying  from  a^^o^th  to  yo-^ootli  inch  in 
thickness,  which  are  united  together  in 
bundles  or  fasciculi  of  variable  size.  The 
bundles,  as  well  as  the  filaments  of  which 
they  are  composed,  have  a  wavy  course,  and 
the  filaments  in  each  bundle  lie  almost 
parallel  to  each  other.  The  bundles  also 
in  some  cases  are  parallel,  though  in  others 

+1,™  J.        •  1  -»T  1      ,     Fig.  41. — Fasciculi 

tney  cross  at  various  angles.  Not  only  the  of  white  fibres 
filaments  in  each  bundle,  but  the  bundles  t'lssue!"™'^'^'"'' 
.themselves,  are  cemented  together;  the  firmness  of  the 
adhesion  varies  in  the  different  modifications  of  the 
fibrous  connective  tissue,  being  much  more  decided  in  the 
tendons,  ligaments,  and  fasciae,  than  in  the  lax  areolar 
tissue. 

The  yellow  fibres  of  connective  tissue,  named  elastic 


148 


ANATOMY. 


tissue,  from  its  elasticity,  make  up  the  mass  of  the  liga- 
mentum  nuchse,  the  ligamenta  sub-flava,  and  the  yellow 
elastic  coat  of  the  arteries.   They  are  also  found  mingled 
with  the  white  fibres,  in  the  fibrous  membranes,  the  skin,  the 
mucous  and  serous  membranes,  the  areolar  tissue,  in  ten- 
dons, and  some  ligaments.    In  the  liga- 
menta sub-flava  and  nuchse  the  yellow 
fibres  are  arranged  in  bundles,  the  in- 
dividual fibres  of  which  are  comparatively 
broad,  with  a  distinct  dark  outline.  They 
branch,  and  their  branches  readily  break 
across,  and  the  broken  end  then  curls 
upon  itself.     Their  diameter  is  about 
 th  inch.    In  the  coats  of  the  arteries 

4  0  0  0 

FIG  4'  -Fasciculus  the  elastic  fibres  form  an  anastomosing 
•  ist'tisfue'tm  network.    When  mingled  with  the  wHte 

ligamcntum  nuch=e.  ^^^^^  ^^^^        ^^^^  ^^^^^  sometimes 

do  not  exceed  ^^^^o*^  inch  in  diameter.    They  possess, 
however,  a  distinct  and  definite  outline;  they  branch  and 
occasionally  anastomose;  and  the  individual  fibres,  possess- 
ing a  ring-like,  spiral,  or  twisted  course,  are  wound  around 
the  bundles  of  the  white  fibres.    The  white  fibres  yield 
gelatine  on  boiUng,  but  the  elastic  fibres  do  not.  The 
white  fibres  sweU  up  and  become  so  transparent  under  the 
action  of  acetic  acid  as  to  be  no  longer  recognisable.  The 
yellow  fibres,  again,  are  not  affected  by  that  reagent. 
Quekett  pointed  out  that  the  elastic  fibres  of  the  Uga- 
mentum  michse  of  the  giraffe  were  marked  by  transverse 
strise,  and  M.  Watson  has  seen  a  similar  appearance  in 
the  elastic  pericardiac  Ugament  of  the  elephant.  These 
transverse  stride  are  apparently  cracks  in  the  fibre;  and,  as 
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Beale  Has  shown,  are  not  unfrequently  seen  in  the  elastic 
fibres  in  beef  and  mutton  wMch  have  passed  through  the 
alimentary  canal. 

Bearing  on  the  mode  of  nutrition  of  the  tendons,  and 
other  fibrous  forms  of  connective  tissues,  minute  plasma 
or  juice  spaces  and  canals  have  been  described,  along 
which,  not  blood,  but  the  liquor  sanguinis  is  supposed  to 
flow.  Virchow  conceived  that  the  connective  tissue  cor- 
puscles formed  an  anastomosing  network  for  this  purpose. 
Briicke  believed  that  delicate  channels  or  lacuna  existed 
between  the  bundles  of  connective  tissue,  whilst  Reckling- 
hausen maintained  that  the  canaHculi  were  situated  in  the 
homogeneous  substance  which  connects  the  fibrous  fasciculi 
and  lamellae  of  the  connective  tissue  with  each  other. 
These  lacuna  or  canaUcuH  are,  in  all  probability,  the  root- 
lets of  origin  of  the  lymphatic  system  of  vessels,  and 
]Mihalkovics  and  Thin  maintain  that  their  walls  are  formed 
by  the  flat  endothelial-like  cells  which  invest  the  bundles  of 
connective  tissue.  Kanvier  even  suggests  that  the  spaces 
between  the  connective  tissue  bundles,  walled  in  by  these 
cells,  form  a  close  system  analogous  to  the  serous  cavities. 
There  can  indeed  be  no  doubt,  as  the  recent  iiijections  of 
Ludwig  and  Schweigger-Seidel  have  shown,  that  tendons 
and  fasciae  are  well  provided  with  lymph  vessels,  for  they 
have  injected  in  them  a  minute  network,  consisting  in  part 
of  polygonal  meshes,  and  in  part  of  vessels  running  longi- 
tudmally  and  parallel  to  the  connective  tissue  bundles,  and 
the  walls  of  these  vessels  were  formed  of  endothelial  cells. 
Recklinghausen  and  others  have  recently  described  cor- 
puscles in  the  connective  tissue  which  resemble  in  size  and 
appearance  the  white  corpuscles  of  the  blood  and  lymph. 
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These  corpuscles  are  believed  to  move  about  in  tlie  juice 
canals  already  referred  to,  and  it  is  possible  that  they  may 
have  migrated  into  the  tissue  through  the  walls  of  it? 
nutrient  blood-vessels. 

The  vascularity  of  the  connective  tissue  varies  in  differ- 
ent localities.  The  perios- 
teimi  and  perichondrium  are  . 
very  vascular;  but  their  nume- 
rous vessels  are  concerned  in 
the  nutrition  not  merely  of 
these  fibrous  membranes,  but 
of  the  bone   and  cartilage 

Fig.  43.  — Connective  tissue  of  the  wMch  they  iuVCSt.  The  sheath 
omentum  of  tlie  foetus,  showing  tlie  ■      .  •  i  •  i  • 

eliaiacteiistic  fusiform  corpuscles,  of  Connective  tlSSUC  WJllCn  m- 
A  capillary  blood-vessel  crosses  the 

liKure,  and   outside  it  are  several  vCStS  a  tcndoU  IS  more  VaS- 
hlood    con)nscles  which  have  pro- 
bably migrated  from  the  vessel.  cular  than  the  substauce  01 

the  tendon  itself.  As  a  rule,  it  may  be  stated  that  the 
fibrous  connective  tissues  are  not  highly  vascular,  and  that 
the  nutritive  changes  which  take  place  in  them  after  their 
growth  is  completed  are  not  very  active.  Connective  tissue 
is  sparingly  supplied  with  nerves,  and  their  mode  of  ter- 
mination in  it  has  not  been  ascertained. 

The  mode  of  development  of  the  connective  tissue  has- 
been  much  discussed  by  anatomists,  and  various  views  have 
been  advanced  as  to  the  changes  which  lead  to  its  pro- 
duction. It  is  now,  however,  generally  admitted  that, 
except  perhaps  the  neuroglia,  it  arises  from  the  cells  of  the 
mesoblast  layer  of  the  embryo,  by  a  special  morphological 
and  chemical  differentiation  of  their  protoplasm,  but  the 
degree  to  which  tHs  differentiation  may  proceed  varies  with 
the  particular  form  of  the  textixre.  The  neuroglia  apparently 
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arises  along  witli  the  central  nervous  axis  from  the  cells  of 
the  epiblast ;  and  its  tissue  remains  mostly  as  a  granular 
nucleated  protoplasm,  though  a  delicate  fibrillation  may 
sometimes  be  seen  in  it.  In  the  retiform  connective 
tissue  the  cells  have  assumed  a  stellate  shape,  and  their 
branches  anastomose.  In  the  gelatinous  and  fibrous  form 
an  intercellular  matrix  is  extensively  produced,  and  exhi- 
bits a  differentiation  into  fibres.  In  these  last-named 
forms,  which  are  the  most  characteristic  varieties  of  the 
tissue,  the  cells  of  the  mesoblast  change  their  form,  and 
assume  a  fusiform,  caudate,  or  stellate  shape;  and,  sub- 
sequently a  delicate  fibriUated  structure  appears  between 
them,  which  assimies  the  characters  of  the  bundles  of 
white  fibrous  tissue,  and  by  separating  the  cells  from  each 
other  forms  the  fibrous  intercellular  matrix.  It  has  been 
much  disputed  whether  these  white  fibres  take  their  rise 
immediately  from  the  peripheral  portion  of  the  cells  by  a 
direct  differentiation  of  their  protoplasm,  or  whether  this 
protoplasm  is  not  in  the  first  instance  converted  into  a 
homogeneous  matrix  in  which  the  fibrous  differentiation 
then  occurs.  There  can  be  no  doubt  that  the  fibres  are 
formed  by  a  metamorphosis  of  the  protoplasm  of  the  cells ; 
whether  the  metamorphosis  takes  place  directly,  or  through 
the  intermediate  stage  of  a  homogeneous  matrix,  is  a 
secondary  question,  and  in  all  probability  both  modes  of 
conversion  take  place  at  different  times  and  in  different 
localities.  As  the  differentiation  into  fibres  progresses, 
the  tissue  becomes  firmer  and  tougher,  and  the  propor- 
tion of  the  cellular  to  the  fibrous  element  diminishes. 
Hence,  say  in  a  young  tendon,  the  rows  of  connective 
tissue  cells  are  not  only  closer  together,  but  are  much 
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more  readily  seen  than  in  an  adult  tendon,  in  whicli 
the  increased  production  of  fibres  obscures  the  cellular 
element. 

The  mode  of  origin  of  the  yellow  elastic  fibres  has  also 
been  much  discussed.  At  one  time  it  was  believed  that 
they  were  derived  from  nuclei,  and  on  this  supposition  they 
were  named  nuclear  fibres.  But  from  more  recent  observa- 
tions there  is  reason  to  believe  that  they  are  produced,  like 
the  white  fibres,  by  a  special  differentiation  of  the  proto- 
plasm of  the  embryonic  cells,  or  of  a  homogeneous  matrix 
derived  from  that  protoplasm.  In  such  localities  as  the 
ligameutum  nuchse,  where  the  fibres  are  both  large  and 
nimierous,  the  whole  of  the  cell  protoplasm  appears  to 
become  converted  into  elastic  tissue.  In  tendons,  and  those 
parts  where  these  fibres  are  slender  and  scanty,  and  coil 
round  the  bundles  of  white  fibrous  tissue,  they  apparently 
arise  from  a  differentiation  of  the  protoplasm  on  the  sur- 
face only  of  the  foripative  embryonic  cells.  •  ^ 


Adipose  Tissue. 

The  Adipose  or  Fatty  tissue  varies  in  its  amount  in 
different  individuals.  It  is  especiaUy  found  in  the  mar- 
row of  the  bones;  as  a  layer  beneath  the  skin,  differing 
in  thickness  in  different  individuals;  and  collected  in  the 
cavity  of  the  abdomen  in  the  folds  of  peritoneum,  known 
as  the  mesentery  and  omenta,  in  which,  and  indeed  in  the 
other  localities  where  it  occurs,  it  is  intimately  asso- 
ciated with  the  connective  tissue.  It  consists  of  cells, 
which  vary  in  size  from  ^^^th  to  ^h^h  inch,  usuaUy 
ovoid  or  spherical  in  form,  though  when  coUected  mto 
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masses  they  may  be  laterally  compressed.     These  cells 

are  sometimes  isolated,   though,  most  usually  arranged 

in  rows  or  clusters  to  form  lobules  of 

fat.     The  number  of  cells  in  a  given 

lobule  varies  with  the  size  of  the  lobiile. 

The  distinctive  contents  of  these  cells 

is  a  minute  drop  of  oil,  which,  when 

examined  by  transmitted  light,  presents 

a  bright  appearance;  but  when  seen  by 

reflected  light,  looks,  as  Monro  primus 

described  it  long  ago,  like  a  cluster  of 

pearls.    Each  fat  cell  possesses  a  distinct  fig.  44.— Fat  ceiis  ana 

waU,  as  can  be  readily  demonstrated  by  t\s&M<i. 
digesting  these  cells  in  ether,  when  the  oil  is  dissolved 
out  and  the  membranous  wall  remains.    The  nucleus  of 
the  fat  cell  is  more  difficult  to  demonstrate,  and  when 
seen  is  found  attached  to  the  inner  surface  of  the  cell 
waU.    In  the  fat  of  old  persons,  and  in  specimens  of 
this  tissue  which  have  been  removed  from  the  body  for 
a  length  of  time,  a  stellate  group  of  acicular  crystals  is 
not  unfrequently  to  be  seen  in  the  interior  of  the  cell, 
which  consist   either  of  margarin   or  margaric  acid, 
one  of  the  constituents  of  human  fat.     The  lobules  of 
fat  cells  are  included  between  bundles  of  the  areolar 
variety  of  connective  tissue,  which  form  their  supporting 
framework.    But  in  addition,  they  are  more  or  less  per- 
fectly surrounded  by  a  network  of  capillary  vessels,  which 
not  only  serves  to  convey  to  them  blood  for  their  nutrition, 
but  aids  in  retaining  them  in  position. 

The  close  anatomical  relation  between  the  adipose  and  the 
connective  tissue  points  to  a  genetic  relationship  between 
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them.    It  has  now  been  ascertained  that  the  first  stage  in 
the  formation  of  a  fat  cell  consists  in  the  appearance  of 
extremely  minute  drops  of  oil  in  the  protoplasm  of  the  con- 
nective tissue  corpuscles  of  the  part ;  as  these  run  together 
larger  drops  are  produced,  a  cell  wall  at  the  same  time 
differentiates  from  the  peripheral  part  of  the  protoplasm, 
and  as  the  cell  becomes  distended  with  oil,  by  the  conver- 
sion into  fat  of  its  substance,  it  swells  out  into  a  spherical 
or  ovoid  cell.    Klein  has  recently  shown  that  the  fatty 
tissue  of  the  omentum  and  mesentery  is  formed  by  the 
production  of  oil  drops  within  the  branched  cells,  which 
form  the  reticular  tissue  that  supports  the  lymphoid  cells 
found  so  abundantly  between  these  folds  of  peritoneum. 
In  a  lymphoid  tumour  of  the  mesentery,  which  I  recently 
examined,  where  fatty  degeneration  had  made  considerable 
progress,  I  found  that  not  only  the  branched  ceUs,  but  the 
lymphoid  cells  also,  had  undergone  the  fatty  change. 


Pigmentary  Tissue. 


In  some  parts  of  the  body  a  yellow,  brown,  or  black 
pigment  is  found  in  the  interior  of  cells,  which  gives  to 
the  tissue  and  organ  a  characteristic  colour.     In  the 

coloured  races  of  mankind,  and 
in  certain  parts  of  the  body  of 
the  white  races,  pigment  is  pro- 
^!^T«w«8WiP-»>«--     duced  in  the  cells  of  the  cuticle 

FiQ.  45,-Group  of  G-sided  chor-  ""^^  ,  . 

oidai  pigment  cells.  ^j.  epidermis,  moro  especially  in 
the  ceUs  of  the  deeper  strata  or  rete  Malpighi.  In  the 
connective  tissue  corpuscles,  also,  more  especially  in  the 
dermis  of  fish,  amphibia,  and  reptiles,  pigment  is  found  m 
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considerable  abundance.  The  choroid  coat  of  the  eyeball 
owes  its  dark  brown  or  black  colour  to  the  presence  of 
pigment  in  the  interior  of  the  cells.  The 
pigment  cells  of  the  choroid  are  usually 
polyhedrons,  5  or  6-sided,  and  are  arranged 
to  form  a  mosaic  pattern.  In  the  centre 
is  a  nucleus,  and  the  cell  substance  is 
occupied  by  numbers  of  minute  brown 
granules.  In  the  connective  tissue  on 
the  outer  surface  of  the  choroid,  the  pig- 
ment is  contained  in  stellate  cells.    In  fig.  46.-.steiiate  pig^ 

raent  cells  from  tlid 

the  skin  of  fishes  and  amphibia,  the  skin  of  a  codfish, 
stellate  pigment  cells  branch  and  subdivide  so  as  to  form' 
highly  complex  patterns,  and  the  cells  are  crowded  with 
brown  or  yellow  granules.  The  production  of  pigment, 
either  in  the  interior  of  epidermal  cells,  in  the  poly- 
hedral cells  of  the  choroid,  or  in  the  stellate  connective 
tissue  corpuscles,  is  owing  to  a  special  metamorphosis  or 
differentiation  of  the  protoplasm  substance  of  these  cells. 


Caetilaginous  Tissue. 

By  the  term  Cartilage,  or  cartilaginous  tissue,  is  meant  a 
group  of  tissues  which,  though  usually  found  in  the  form  of 
plates  or  bars,  yet  differ  in  various  respects  from  each  other, 
both  in  naked  eye  and  microscopic  characters.  They  agree, 
however,  in  forming  solid  textures,  opaque  when  seen  in 
mass,  but  translucent,  pearly,  or  bluish  white,  in  thin  slices, 
firm  in  consistence,  but  easily  cut  with  a  knife,  endowed 
^vith  considerable  elasticity,  and  yielding  chondrine  on  boil- 
ing.   Cartilage  is  of  greater  importance  in  the  fcEtus,  and  in 
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the  immature  condition  of  the  body  than  in  the  adult,  for 
in  early  life  the  skeleton  is  in  a  great  measure  foi-med  of  it. 
As  development  and  growth  proceed,  a  considerable  pro- 
portion of  the  cartilage  becomes  converted  into  bone,  and 
is  called,  therefore,  temporary  cartilage,  whilst  the  remain- 
ing portion  continues  as  cartilage  throughout  life,  and  is 
termed  permanent.  The  following  varieties  of  cartilage, 
based  on  modifications  in  structure  and  appearance,  may  be 
recognised  : — 

Cellular  cai-tilase.  Cells  mth  matrix  substance. 


Matrix  homogeneous.  Matrix  fibrous. 

(Hyaline  cartilage.)  (Fibro-cartilage.) 


White  fibro-cartilage.        Yellow  fibro- cartilage. 
The  Cellular  or  Parenchymatous  Cartilage  does  not  exist 
in  the  adult  human  body.    It  occurs,  however,  in  the 

human  embryo,  in  the  embryos 
of  aU  the  vertebrata,  and  in  the 
larval  stage  of  development  of 
the  tunicata,  as  the  slender  rod 
named  chorda  dorsalis  or  noto- 
chord.  In  all  the  higher  verte- 
....       ^Hov  brata  the  chorda  dorsalis  dis- 

FlG.  47.— CeUs  of  the  chorda  dor-  "'■o"'"' 

saiis  of  the  lamprey.  appears  as  development  advances, 
but  in  the  lower  vertebrates  it  persists  throughout  life  as 
a  more  or  less  perfect  structure.  In  the  lamprey  and 
myxine  it  f oms  a  continuous  rod  in  the  vertebral  region. 
In  fish  generally,  but  more  especiaUy  in  the  cartUagmous 
group,  it  forms  a  jeUy-like  mass,  occupying  the  concavities 
between  the  bodies  of  the  vertebra.  The  cells  he  m  con- 
tact with  each  other.    They  are  comparatively  large  m 
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size,  are  sometimes  rounded,  but  more  usually  compressed 
laterally.  The  nucleus  is  often  very  distinct,  though  at 
other  times  more  difficult  to  detect,  and  the  cell  wall  is 
well  marked.  Sometimes  a  little  intercellular  substance  is 
found.  By  some  anatomists  the  chorda  dorsalis  is  regarded 
as  a  variety  of  connective  tissue,  and  not  of  cartilage. 

The  cartilaginous  framework  of  the  ear  of  some  small 
mammals — as  the  mouse,  the  bat,  and  the  rat — is  formed  of 
cellular  cartilage,  the  cells  of  which 
are  smaller  in  size  than  those  of  the 
chorda  dorsalis,  irregularly  poly- 
gonal, and  closely  packed  together 
so  as  to  form  a  solid  tissue. 

The  Hyaline  Cartilage  consists 

of  cells  imbedded  in  a  peUucid  or  fig.  48.— CeUs  of  the  cartilagi- 
nous framework  of  the  ear 

hyaline  matrix,  which,  under  some  "f  the  mouse, 
conditions,  however,  may  assume  a  dimly  granulated  ap- 
pearance. The  xiphoid  and  costal  cartilages,  the  encrusting 
cartilages  at  the  articular 
ends  of  the  bones,  the  car- 
tilages of  ;  the  nose,  those 
of  the  windpipe,  except  the 
epiglottis  and  cornicula  la- 
ryngis,  belong  to  this  variety, 
as  also  the  temporary  car- 
tilages. In  hyaline  cartilage  s^^i^ne  costal  cartoage. 
the  ceUs  are  ovoid  or  polygonal,  or  even  fusiform,  and 
sometimes  flattened,  the  flattened  form  of  ceU  being 
found  next  the  surface  of  the  cartilage.  They  lie  singly, 
or  in  groups  of  two,  or  three,  or  four ;  sometimes  they 
are  arranged  in  linear  series,  at  other  times  they  are 
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irregularly  grouped  together.  The  cell  contents  are  dimly 
granular,  with  a  well-defined  nucleus  containing  a  nucleo- 
lus. Not  unfrequently  two  or  more  nuclei  are  present 
in  a  cell;  and  in  old  cartilage  the  contents  are  often 
coarsely  granular,  or  even  infiltrated  with  drops  of  oil. 
Heidenhain  has  shown  that  powerful  induction  shocks 
cause  contraction  of  the  protoplasm  of  the  cells  towards  the 
central  nucleus.  The  cells  lie  in  cavities  in  the  matrix 
substance,  and  the  part  of  the  matrix  which  forms  the 
immediate  wall  of  the  hollow  is  named  the  capsule  of 
the  cell.  Two  or  more  cells  may  sometimes  lie  in  the 
same  hollow. 

The  matrix  of  hyaline  cartilage  is  usually  homogeneous. 
In  some  animals  the  matrix  appears  to  have  a  concentric 
arrangement  around  the  cells;  and  RoUett  has  stated  that 
by  the  use  of  dilute  sulphuric  acid  or  chromic  acid  the 
matrix  may  be  made  to  split  up  into  concentric  layers. 
Sometimes  the  matrix  appears  granulated,  a  change  which 
is  very  apt  to  occur  in  sections  of  cartilage  which  have 
been  removed  for  some  time  from  the  body.  In  the  costal 
cartilages  of  old  persons  the  matrix  becomes  fibrous;  and 
it  is  by  no  means  uncommon  to  find  in  advanced  age  these 
bars  of  cartUage  converted  into  bone. 

In  the  articular  or  encrusting  cartilages  the  arrangement 
of  the  cells  is  quite  distinctive.  If  a  vertical  section  be 
made  through  a  plate  of  this  cartilage,  the  ceUs  next  the 
bone  are  seen  to  be  arranged  inparaUel  rows  perpendicular 
to  the  surface  of  the  bone  on  which  the  cartilage  rests; 
the  cells  are  smaller  than  those  of  the  costal  cartilage, 
oblong  in  form,  and  the  adjacent  rows  are  separated  by 
intermediate  hyaline  matrix.    Near  the  free  sm-face  of 
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Fig.  50. — Vertical  sectio 
through  an  encinstin 
cartilage.  5,  the  hon 
on  which  the  cartUag 
rests. 


the  cartHage  the  cells  are  flattened,  placed  parallel  to  the 
plane  of  the  surface,  and  so  closely  packed  together  that 
the  proportion  of  matrix  is  much 
reduced.  In  the  intermediate  parts 
of  the  cartilage  the  cells  Lie  irregu- 
larly in  the  matrix,  and  are  rounded 
in  form.  It  was  from  the  study 
of  the  changes  which  take  place  in 
articular  cartilage  in  disease  that 
Goodsir  was  enabled  to  establish  the 
production  of  new  cells  by  the 
multiplication  of  the  normal  pre- 
existing cells  of  the  cartilage, — an 
observation  which  formed  the  start- 
ing-point of  the  modern  doctrine  of  cellular  pathology. 

Fibro-cartilages  are  divided  into  white  and  yellow. 
White  fibro-cartilage  may  form  the  connecting  medium 
between  the  articular  surfaces  of  an 
amphiarthrodial  joint,  as  in  the  inter- 
vertebral discs;  or  it  may  form  plates  in 
the  interior  of  joints,  as  in  the  semi-lunar 
cartilages  of  the  knee  and  the  menisci 
in  other  diarthrodial  joints;  or  it  may 
extend  around  the  margin  of  the  socket 
of  a  joint,  as  in  the  cotyloid  ligament  of 
the  hip;  or  it  may  invest  the  surfaces  of 
bones  over  which  tendons  have  to  play, 
as  where  the  tendons  of  the  peronei  muscles  play  in  the 
groove  on  the  back  of  the  external  malleolus.  In  the 
intervertebral  discs,  which  give  the  best  illustrations  of 
the  structure  of  white  fibro-cartilage,  the  cells  are  ovoid 


Fig.  51. —  White 
flhro  -  cartilage  of 
an  intervertebral 
disc. 
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in  form  and  distinctly  nucleated.  Sometimes  two  or  three 
are  grouped  together,  but  not  unfrequently  they  occur 
singly.  They  are  separated  from  each  other  by  short 
fibres  like  those  of  connective  tissue.  In  these  discs  the 
fibrous  matrix  is  always  stronger  and  more  distinct  in  the 
peripheral  than  in  the  central  part.  White  fibro-cartilage 
is  transitional  between  true  hyaline  cartilage  and  connec- 
tive tissue,  i.e.,  the  cells  possess  the  characters  of  cartilage 
cells,  whilst  the  matrix,  instead  of  being  hyaline,  is  fibrous, 
like  the  matrix  of  the  connective  tissue. 

The  yellow  elastic  fibro-cartilages  are  the  epiglottis,  the 
cornicula  laryngis,  the  cartilaginous  framework  of  the  auricle 
of  the  human  ear,  and  the  ears  of  mammalia  generally,  and 
the  petrous  end  of  the  cartilaginous  wall  of  the  Eustachian 
tube.  The  cells  are  rounded  or  ovoid,  distinctly  nucleated, 
and  usually  arranged  singly  or  in  pairs.  The  matrix  is  dis- 
tinctly fibrous;  the  fibres,  which  form  a  close  intersecting 
network,  branch  and  sometimes  anastomose.  They  resist 
the  action  of  acetic  acid  like  the  yeUow  fibres  of  connective 
tissue;  and  Bonders  has  described  a  continuity  between 
them  and  the  elastic  fibres  of  the  connective  tissue,  which 
forms  the  investing  perichondrium  of  this  form  of  cartilage. 
The  yellow  fibro-cartilage  has  no  tendency  to  ossify. 

The  bars  and  plates  of  cartilage— except  the  encrusting 
hyaUne  cartilages,  and  the  interarticular,  marginal,  and  in- 
vesting white  fibro-cartilages— are  suiTOunded  by  a  fibrous 
membrane  or  perichondrium.  In  the  adult  human  body 
cartilage  is  not  penetrated  by  blood-vessels,  but  is  nourished 
by  the'^vessels  which  ramify  in  its  investing  perichondrium. 
In  the  foetus,  however,  and  in  the  large  masses  of  cartUage 
which  are  found  in  the  skeletons  of  the  cetacea  and  of  the 
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cartilaginous  fishes,  the  cartilage  is  permeated  by  canals  in 
which  blood-vessels  ramify.    The  encrusting  cartilages  are 
nourished  by  the  blood-vessels  of  the  synovial  membrane 
of  the  joint,  which  form  a  vascular  ring  around  the  margin 
of  the  cartilage;  and,  both  in  them  and  in  the  forms  of 
white  fibro-cartilage  that  do  not  possess  a  perichondrium, 
the  vessels  of  the  bone,  to  which  these  cartilages  are  as  a 
rule  attached  assist  in  conveying  nourishment  to  the 
attached  surface  of  the  cartilage.    In  the  movable  joints, 
after  the  child  has  begun  to  use  its  limbs,  the  synovial 
membrane  is  not  continued  over  the  free  surface  of  the 
articular  cartilage,  but  stops  at  its  margin  along  the  line 
of  the  vascular  ring.    In  the  fcstus,  however,  it  has  been 
stated  that  both  blood-vessels  and  synovial  membrane  are 
prolonged  over  the  free  surface  of  the  articular  cartilage. 
The  termination  of  nerves  in  cartilage  has  not  been  ascer- 
tained. 

In  the  development  of  hyaline  cartilage  the  contents  of 
the  embryonic  mesoblast  cells  where  the  cartilage  is  to  be 
produced,  become  clear,  and  a  ceU  waU  differentiates  around 
the  esterior  of  the  cell.  The  nuclei  in  the  cells  divide  and 
subdivide,  so  that  a  multiplication  of  the  ceUs  by  endo- 
genous reproduction  takes  place.  HyaHne  matrix  sub- 
stance then  appears  between  the  cells,  and  is  concentrically 
arranged  around  them;  it  is  believed  to  be  formed  by  a 
special  conversion  of  successive  layers  of  the  cell  proto- 
plasm into  a  substance  which  yields  chondrine  on  boiling. 
The  fibro-cartilages,  both  white  and  yellow,  but  especially 
the  latter,  yield  but  little  chondrine  on  boiling,  for  the 
fibrous  matrix  of  the  white  fibro-cartilage  is  a  gelatine- 
yielding  substance,  like  the  white  fibres  of  connective 
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tissue,  whilst  the  fibres  of  the  yellow  fibro-cartilage  partake 
of  the  nature  of  elastic  tissue.  The  fibro-cartilages,  there- 
fore, form  a  group  which  Hnks  together  the  connective  and 
cartilaginous  tissues. 

Osseous  Tissue. 

The  Osseous  Tissue,  or  Bone,  is  that  which  constitutes  the 
hard  framework  of  the  skeleton.   Each  bone  consists  of  a 
hard,  more  or  less  dense,  tough,  and  but  slightly  elastic  mate- 
rial.   The  elasticity  of  the  bones  is  more  marked  in  young 
than  in  adult  and  aged  persons.    From  differences  in  their 
external  configuration,  bones  are  divided  into  long  or  cylin- 
drical, e.g.,  femur;  short,  e.g.,  carpal  or  tarsal  bones;  flat 
or  plate-like,  e.g.,  scapula ;  irregular  bones,  e.g.,  vertebrae. 
These  variations  in  shape  do  not,  however,  involve  differ- 
ences either  in  composition  or  minute  structure.    Bone  con- 
sists chemically  of  an  earthy  and  an  animal  substance  inti- 
mately blended  together.    The  earthy  matter  forms  about 
two-thirds,  and  consists  chiefly  of  phosphate  of  lime, 
which,  from  its  abundance  in  bone,  is  frequently  called 
"bone  earth."   Carbonate  of  lime  and  a  smaU  proportion  of 
soda  and  magnesia  salts  are  also  present.    The  hardness  of 
bone  is  due  to  the  presence  of  the  earthy  matter.  The 
animal  matter  forms  the  remaining  third,  and  yields 
gelatine  on  boUing;  it  imparts  elasticity  and  toughness 
to  the  bone,  and  binds  together  the  particles  of  earthy 
matter. 

Bone  presents  two  different  structural  characters  to  the 
naked  eye.  The  outer  part  of  a  bone  is  its  hardest  part, 
and  forms  a  dense  external  shell,  technicaUy  called  the 
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campact  tissue.    The  interior  of  a  bone  is  much  less  firm, 
and  is  made  up  of  thin  delicate  plates  or  bars,  or  trabecles. 
which  intersect  each  other  at  various  angles,  and  form  a 
lattice-like  arrangement,  technically  called  the  spongy  or 
cancellated  tissue.     The  plates  and  bars  of  the  spongy 
tissue  are  continuous  with  the  inner  surface  of  the  compact 
tissue.    In  the  long  bones  the  iaterior  of  the  shaft  is  hol- 
lowed into  a  canal,  named  the  medullary  canal,  the  walls 
of  wliich  are  formed  by  the  compact  tissue,  and  the  can- 
cellated tissue  is  found  only  at  the  articidar  ends  of  these 
bones;  the  thickness  of  the  compact  tissue  in  a  long  bone 
is  always  greater  at  the  centre  of  the  shaft  than  at  or  near 
the  articular  ends. 

If  the  outer  surface  of  the  compact  tissue  of  a  long  bone 
and  the  waU  of  the  medullary  canal  be  examined  with  a 
pocket  lens,  they  will  be  seen  to  be  riddled  by  multitudes 
of  minute  orifices,  which  are  the  mouths  of  minute  tubular 
passages  or  canals  that  traverse  the  compact  tissue.  These 
passages  are  named  Raver sian  canals,  and  their  arrange- 
ment may  be  studied  by  making  thin  sections  through 
the  compact  tissue,  and  submitting  these  to  microscopic 
examination,  when  they  wiU  be  seen  to  pass  longitudinally 
or  very  obHquely  through  its  substance,  so  as  to  terminate 
by  rounded  orifices  either  on  its  outer  surface,  or  on  the 
inner  surface,  which  forms  the  waU  of  the  medullary  canal. 
These  canals  are  connected  together  at  intervals  by  short 
transverse  or  oblique  canals.  Owing  to  these  communica- 
tions the  dense  osseous  tissue  is  permeated  by  an  anasto- 
mosing network  of  canals,  which,  as  they  contain  blood- 
vessels, may  be  named  vascular  canals.  These  canals  are  cir- 
cular in  transverse  section,  and  vary  in  diameter  from  about 
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^■oth  to  T^^V^*^  They  not  unfrequeutly  are  dilated 

at  the  inner  end,  where  they  open  into  the  spaces  of  the 
cancellated  tissue.  The  compact  tissue  of  all  bones  possesses 
a  system  of  canals  similar  to  those  found  in  the  long  bones, 
but  when  bone  occurs  in  the  form  of  very  thin  plates  the 
canals  may  be  absent.  In  addition  to  the  Haversian  canals, 
irregular  spaces,  named  Haversian  spaces  by  Tomes  and 
De  Morgan,  may  also  be  seen  in  sections  through  the  com- 
pact tissue.    They  are  met  with  not  only  in  young  but  in 
adult  bones,  and  are  regarded  as  produced  by  absorption 
of  the  bone  in  those  particular  localities.    In  thin  sections 
through  bone,  more  especially  when  the  Haversian  canals 
are  transversely  divided,  the  dense  tissue  or  matrix  of  the 
bone  which  surrounds  the  canals  is  seen  to  be  arranged  in 
concentric  rings,  as  if  it  were  built  up  of  a  series  of  lamellce 
superimposed  on  each  other.    These  lameUse  do  not  at  all 
times  form  complete  circles,  and  the  number  which  sur- 
round a  canal  may  vary  from  two  or  three  to  half  a  dozen ; 
they  are  sometimes  called  the  Haversian  lamellaa.  Other 
lamellte  lie  in  relation  to  the  periosteal  surface  of  the  bone, 
and  are  called  peripheral  lamellae  ;  whilst  others  again  are, 
as  it  were,  intercalated  between  adjacent  Haversian  systems 
of  lamellae,  and  are  named  intermediate  or  interstitial.  It 
has  been  pointed  out  by  Sharpey  that  a  bone  lamella, 
after  the  earthy  matter  has  been  dissolved  out  by  the 
action  of  an  acid,  is  made  up  of  multitudes  of  fine  trans- 
parent fibres,  which  intersect  each  other  and  form  a  net- 
work.   But  he  has  further  shown  that  the  lameUae  are 
perforated  by  fibres,  or  bundles  of  fibres,  which  pass  through 
them  either  perpendicularly  or  obliquely,  so  as  to  bolt 
adjacent  lameUee  together.    With  a  little  care,  the  per- 
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f  orating  4bres  of  Sharpey  may  be  drawn  out  of  the  holes 
or  sockets  in  which  they  are  lodged. 

When  thin  sections  through  a  macerated  and  dried  bone 
are  examined  under  the  higher  powers  of  the  microscope, 
the  lamellated  matrix  is  seen  to  exhibit  a  very  jjeculiar 
appearance,  which  is  characteristic  of  the  osseous  tissue. 
Between  the  surfaces  of  adjacent  lamellae  irregularly 
elongated  spaces,  caUed  lacunce,  are  to  be  seen  in  con- 
siderable numbers ;  these  lacunte,  like  the  lamellas  be- 
tween which  they  are  situated,  have  a  concentric  arrange- 
ment around  the  Haversian  canals.  The  lacunae,  the 
lamellfe,  and  the  Haver- 
sian canal  which  they 
surround,  are  sometimes 
named  a  Haversian  sys- 
tem. From  the  ends  and 
sides  of  any  one  of  these 
lacuna     very    minute  ^  ^ 

Fio.  52.— Transverae  section  through  the  com- 

branching  canals,  termed   p**^'  ''^^"'^  °^  °f  ^      bone.  Tha 

transversely  divided  Haversian  canals,  la- 
camliculi,  proceed, which    ^'^^^^  lacunie  and  canaliculi  are  shown. 

penetrate  the  lamellte  and  anastomose  with  the  cana- 
liculi proceeding  from  adjacent  lacunae,  whHst  the  cana- 
liculi, springing  from  the  sides  of  those  lacun?e  which 
lie  nearest  to  the  Haversian  canal,  open  on  the  wall 
of  the  canal  itself.  The  lacunte  average  in  length 
TSo-ffth  inch,  and  their  transverse  diameter  is  about 
j^\-oth  inch  ;  the  canaliculi  vary  from  xs^^th  to  ^-^oTrtli 
inch  in  diameter.  When  examined  in  a  dried  bone  by 
transmitted  light,  the  lacunce  look  Hke  solid,  black  bodies, 
and  the  canaliculi  seem  to  be  processes  branching  off  from  ' 
them,  hence  they  were  erroneously  called  by  the  earlier 


166 


ANATOMY. 


observers  bone-corpHScles.  But  if  a  little  turpentine  be 
added  to  tlie  section,  the  fluid  displaces  tlie  air  which 
the  lacunae  and  canaliculi  contain  in  the  dried  bone, 
renders  the  part  more  transparent,  and  affords  a  satisfac- 
tory demonstration  that  they  are,  in  a  macerated  and  drj 
bone,  not  solid  bodies,  but  a  minute  system  of  spaces  and 
anastomosing  little  canals ;  and  that  all  those  which  lie  in 
the  same  Haversian  system  not  only  freely  communicate 
with  each  other,  but,  either  directly  or  indirectly,  with  the 
Haversian  canal  which  they  surround. 

But  a  macerated  and  dried  bone,  such  as  one  sees  in 
museums  and  in  articulated  skeletons,  and  the  structure  of 

which  has  just  been  described,  is 
a  bone  which  has  been  deprived 
of  several  soft  tissues  by  the  pro- 


^fe     cess  of  putrefaction,  which  tis- 
sues are  of  the  utmost  importance 
H  intheeconomyof  theboneinthe 
,      ,.    living  animal.  A  living  bone  is 

Fig.    53.  —  Longitudinal    section  o 

^Lt^'Tinlo  nteSn  boue  is  Only  the  skeleton  of  a 
canals  HH.  living  boue.     It  is  essential, 

therefore,  in  studying  the  structure  of  bone,  that  the 
attention  should  not  be  limited  to  the  appearances  pre- 
sented by  the  macerated  bone,  but  that  the  arrangement 
and  structure  of  its  soft  tissues  should  be  considered.  The 
soft  tissues  of  a  bone  are  the  periosteum  and  its  prolonga- 
tions, the  marrow,  the  minute  masses  of  nucleated  pro- 
toplasm which  occupy  the  lacunae  of  the  bone,  the  blood 
and  lymph  vessels,  and  the  nerves. 

The  Periosttum  is  a  strong  fibrous  membrane  which 
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invests 'all  the  exterior  of  a  bone,  except  wliere  tbe'encrust- 
inw  cartila£:e  is  continuous  with  its  articular  end.  It  is 
subdivided  into  two  layers :  a  firm  ''external  fibrous  layer 
(Fig.  54,  S  P),  consisting  of  bundles  of  connective  tissue, 
wMcb    decussate   with    each  ^^s^^^^s^^p^^^sp^^ 


are  found,  which  give  off  slender  processes  at  various 
points  of  their  periphery,  and  partly  of  larger  granular 
cells,  which  lie  next  the  bone  itself.  Processes  of  the  soft 
inner  layer  are  prolonged  into  the  Haversian  canals,  in 
which,  as  Goodsir  pointed  out,  a  layer  of  cellular  sub- 
stance lies  between  the  wall  of  the  canal  and  its  contained 
blood-vessel,  so  that  these  canals  are  not,  as  in  macerated 
bones,  empty  passages,  but  are  filled  up  by  the  blood- 
vessels and  the  cellular  layer. 

The  Marrow  occupies  the  medullary  canal  of  a  long 
bone  and  the  spaces  in  the  cancellated  tissue  of  bones 
generally.  It  occurs  in  two  forms,  red  and  yellow 
marrow.  Red  marrow  is  found  in  the  bones  of  the  foetus 
generally,  and  in  the  cancelli  of  the  plate-like,  short,  and 
irregular  bones  at  a  more  advanced  period.    It  consists 
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principally  of  colossal  many-nucleated  cells,  the  myeloid 
cells  {myeloplaxes)  of  Robin,  lying  in  a  very  delicate  areo- 
lar tissue,  and  supplied  by  a  network  of  capillary  blood- 
vessels. It  contains  little  or  no  fat.  Yellow  marrow, 
again,  is  composed  of  fat  cells  lying  in  a  delicate  areolar 
tissue  with  accompanying  blood-vessels.  The  areolar  tissue, 
which  supports  the  marrow  cells,  lines  the  medullary  canal 
and  cancelli,  and  is  named  the  medullary  membrane,  or 
the  endosteum. 

In  the  fresh  bone  the  lacuna  are  not  empty  spaces  as  in 
the  macerated  bone.  They  are  filled  up  by  nucleated  clumps 
of  protoplasm,  and  are  therefore,  as  Goodsir  was  the  first 
to  show,  the  seats  of  little  masses  of  nucleated  cells,  which 
cells  are  the  true  hone-corpuscles.  The  protoplasm  of  these 
cells  is  apparently  prolonged  into  the  cana- 
liculi.  Hence  the  hard  part  of  the  osseous 
texture  has  within  it  a  system  of  nucleated 
cells,  some  of  which  occupy  the  lacunae 
and  canaliculi,  while  others  form  a  lining 
to  the  Haversian  canals. 

The  blood-vessels  of  a  bone  are  abund- 
ant.   It  receives  its  arteries  partly  from 
the  small  arteries  which  ramify  in  the 
^'branched  ceuroV  periosteum,  the  fine  branches  of  which 

cupying  the  IncunsB  ,       _  .  ,  ,  j. 

and  canaliculi  of  a  enter  the  Haversian  canals,  and.  lorm 
-ndthin  them  an  anastomosing  network  of 
capiUaries;  partly  through  a  special  artery  which  enters 
the  nutrient  canal  in  the  bone,  to  be  distributed  chiefly  to 
the  marrow;  partly  through  small  arteries  which  enter 
openings  in  the  compact  tissue  near  the  articular  extre- 
mities.    The  veins  of  bones  are  also  abundant.    In  the 
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cancellated  tissue  tliey  are  large,  and  leave  the  interior  of 
tlie  bone  partly  through  foramina  situated  near  the  articular 
ends,  and  partly  by  a  vein  which  accompanies  the  artery 
that  traverses  the  nutrient  canal.  In  the  plate-like  bones 
of  the  skull  the  veins  lie  in  distinct  channels  in  the  diploe, 
and  ia  the  bodies  of  the  vertebrae  the  veins  pass  out  through 
large  holes  in  the  posterior  surface.  Bones  possess  lymph- 
vessels,  but  their  exact  mode  of  arrangement  has  not  yet 
been  ascertained.  Fine  nerves  accompanying  the  arteries 
which  enter  the  nutrient  and  Haversian  canals  have  been 
traced  into  bones,  and  nerves  end  also  in  the  periosteum. 

It  is  clear,  therefore,  that  a  bone,  hard  and  dense 
though  its  texture  seems  to  be,  is  yet  hollowed  out  by 
spaces,  passages,  and  canals  which,  under  the  several 
names  of  meduUary  canal,  cancellated  spaces,  nutrient 
canal,  Haversian  canals,  Haversian  spaces,  lacunse,  and 
canaliculi,  are  occupied  by  blood-vessels  or  other  soft  tis- 
sues.   By  the  penetration  of  blood-vessels  into  the  bone, 
blood  is  conveyed  not  only  to  the  medulla,  but  into  the 
very  substance  even  of  the  compact  tissue ;  and  there  can 
be  no  doubt  that  the  nucleated  masses  of  protoplasm  which 
occupy  the  lacunae  and  canaliculi,  and  line  the  Haversian 
canals,  are,  as  Goodsir  long  ago  pointed  out,  centres  con- 
cerned in  the  nutrition  of  the  matrix  substance  of  the 
bone  in  their  immediate  neighbourhood.     These  ceUs, 
together  with  the  periosteum,  the  medulla,  and  their  blood- 
vessels, are  active  agents  in  the  development,  growth,  and 
nutrition  of  the  osseous  tissue. 

In  the  description  of  the  development  of  the  skeleton, 
It  is  stated  that  the  bones  are  formed  by  ossification  in 
cartilage  and  fibrous  membrane,  so  that  bones  are  pro- 
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duced  by  secondary  changes  in  a  pre-existing  material. 
The  mode  of  production  of  the  osseous  tissue  in  the  car- 
tilaginous and  fibrous  tissues  wiU  now  be  considered,  and 
it  should  be  clearly  understood  at  the  outset  that,  in  normal 
ossification,  bone  is  not  formed  by  a  mere  calcification  of 
the  matrix  of  the  pre-existing  tissue,  and  a  direct  conver- 
sion of  the  cartilage  or  connective  tissue  corpuscles  into 
bone  corpuscles ;  but,  as  the  researches  of  Sharpey,  Bruch, 
H.  MiiUer,  Lovdn,  and  Gegenbaur  have  made  known,  is 
due  to  a  development  of  new  corpuscles,  which  Gegenbaur 
lias  named  osteo-blasts,  accompanied  by  an  abundant  forma- 
tion of  blood-vessels. 

When  the  process  of  ossification  in  temporary  cartilage 
begins,  a  change  takes  place  in  the  arrangement  of  its  cells 
at  the  centre,  or  point,  or  nucleus  of  ossification.  The  cells, 
instead  of  preserving  their  irregularly  scattered  arrange- 
ment in  the  matrix,  are  now  collected  into  longitudinal 
parallel  rows,  not  unlike  what  was  described  in  a  previous 
section,  in  the  deeper  cells  of  encrusting  cartilage.    In  each 
row  the  cells  lie  with  their  long  axes  transverse,  and 
apparently  multiply  by  a  process  of  fission.    The  cells  at 
the  end  of  the  rows  which  lie  nearest  the  centre  of  ossific 
change  swell  out  and  become  more  rounded.  Calcification 
of  the  matrix  substance,  which  separates  not  only  the 
parallel  rows  of  cells,  but  also  the  cells  in  the  same  row, 
from  each  other,  then  takes  place,  which  calcification  in- 
cludes also  the  capsules  of  the  cartilage  cells.    A  general 
opacity  of  the  cartilage  is  the  resvilt  of  this  calcification, 
and  the  further  progress  of  ossification  is  rendered  obscure. 
It  is  necessary,  therefore,  to  dissolve  out  by  an  acid  the 
calcareous  matter,  in  order  to  follow  the  steps  of  the  process. 
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Spaces  or  canals  now  form  in  the  ossifying  cartilage, 
into  wMch  blood-vessels,  continuous  with  the  vessels  of 
the  perichondrium,  are  prolonged.  These  spaces  are  lined 
by  concentric  layers  of  small  rounded  cells,  not  unlike  lym- 
phoid cells  in  size  and  aj^pearance,  and  form  the  medullary 
spaces  of  foetal  cartilage,  whilst  the  cells  and  blood-vessels 
form  the  medulla.  Eespecting  the  source  of  origin  of 
the  cells  of  this  medulla,  there  have  been  difficulties  in 
arriving  at  a  correct  conclusion.  Some  have  believed 
them  to  be  descended  from  the  cartUage  cells,  though  no 
demonstration  of  their  derivation  from  this  source  has 
ever  been  obtained.  Henke  conceived  that  they  might  be 
blood  corpuscles  migrated  from  the  blood-vessels  within 
the  spaces.  But  the  recent  observations  of  Stieda  seem 
satisfactorily  to  show  that  the  layers  of  medulla  cells  are 
continuous  with  similar  layers  beneath  the  perichondrium, 
which  layers  are  prolonged  along  with  the  blood-vessels  into 
the  medullary  spaces  as  they  form  in  the  ossifying  cartil- 
age. But,  whatever  be  their  derivation,  there  can  be  no 
doubt  that  these  cells  undergo  certain  modifications  which 
are  of  the  utmost  importance  in  the  further  stages  of  the 
ossific  process.  A  few  become  elongated  into  fusiform  or 
stellate  corpuscles,  like  those  of  connective  tissue ;  others 
have  oil  drops  forming  in  their  interior,  and  become  the 
cells  of  yellow  marrow ;  others  become  the  many-nucleated 
cells  of  red  marrow  ;  others,  again,  which  form  the  osteo- 
blasts properly  so-caUed,  are  the  direct  agents  in  the  pro- 
duction of  the  osseous  tissue  itself. 

The  formation  of  the  medullary  spaces  in  cartilage  is 
owing  to  an  absorption  of  the  calcified  cartilaginous  tissue. 
KoUiker  points  out  that  the  absorption  is  efi"ected  through 
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the  agency  of  colossal,  many-nucleated  cells  {myeloplaxes), 
which  he  named  osteo-Uasts,  and  believes  to  be  derived 
from  the  osteo-blastic  cells  of  the  medulla 
already  described,  so  that  a  destruction 
of  the  calcified  cartilage  precedes  the  for- 
mation of  the  proper  osseous  tissue.  As 
the  absorption  of  the  cartilage  goes  on, 
an  irregular  series  of  medullary  spaces 
communicating  more  or  less  freely  with 
each  other  is  produced.  But  along  with 
the  destructive  changes  in  the  cartilage 
the  production  of  the  new  osseous  tissue 

Fio.  56— CoTossal  many-  >■ 

nucleated  osteo-klast,  ^  rpj^g  OSteO-blast  Cells  of  the 

occupying  a  ca\'ity  in  l 

?natiix?  l^ilT^KM-  medulla  are  arranged  in  layers  around 
the  walls  of  the  medullary  spaces,  and 
undergo  an  important  change  both  in  composition  and 
shape.  They  become  granular,  their  protoplasm  hardens 
from  the  periphery  towards  the  nucleated  centre  of  the 
cell,  so  as  to  give  origin  to  the  dense  matrix  substance 
of  a  bone  lamella;  but  the  nucleus,  and  the  protoplasm 
immediately  investing  it,  do  not  harden, — they  form  the 
soft  contents  of  the  lacunae  and  canaliculi.  A  second  layer 
of  osteo-blaatic  medulla  cells  then  passes  through  a  similar 
metamorphosis,  and  a  second  lamella  is  formed.  By  a 
repetition  of  this  process  around  the  walls  of  the  several 
medullary  spaces,  the  lamellse  of  the  bone  are  produced. 
Hence  it  would  appear  that  the  dense  soKd  matrix  of  the 
osseous  tissue  is  produced  by  a  special  hardening  of  the 
protoplasm  of  the  osteo-blastic  cells  in  the  medullary  spaces, 
and  as  layer  after  layer  of  these  cells  is  ossified  successive 
lamella  are  produced.    The  persistence,  however,  of  the 
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nucleus  of  each  osteo-blast,  and  of  a  small  portion  of  its 

investing  protoplasm,  preserves  within  the  hard  matrix  a 

certain  amount  of  soft 

material,  which  being 

destroyed  when  a  bone 
is  macerated,  leaves 
the  lacunary  and  cana- 
licular system  already 
described.  The  for- 
mation of  successive 
lamellge,  which  takes 
place  from  the  peri- 
phery towards  the 
centre  of  the  medul- 
lary spaces,  necessarily  Fig.  57.-Section  thnmgh  a  f cetal  bone  to  illustrate 
rln"Tn,-r.^ct,^„  •       £        development.  B,  B,  the  dense  osseous  tissue, 

Oimimsnes  tne  size  or  in  -which  the  lacunas,  with  their  soft  nucleated 
,1  T.  •  1   , 1  contents,  may  be  seen.    M,  M,  the  mediillary 

tne  spaces,  WniCh  then  tissue  in  the  meduUary  spaces.  OB,  OB,  layer 
J.  i.1       TT         •         °^  osteo-blastic  cells  of  the  medulla,  next  the 

lOrm    tne    Haversian     osseous  tissue,  some  of  which  in  places  are 
,  obviously  becoming  included  in  it.  V,V,  trans- 

canals.     I  he  vascular     '^'ersely  divided  blood-vessels,  surrounded  by 

meduUacells,  situated  inmedullaryspaces,  which 
and  cellular  contents     '^^^  assuming  the  form  of  Haversian  canals. 

of  these  canals  are  therefore  the  remains  of  the  contents 
of  the  medullary  spaces  of  the  foetal  cartUage,  and  are 
continuous  with  the  deeper  layer  of  the  periosteum. 

So  long  as  any  cartilage  remains  in  a  foetal  or  young 
bone  the  process  of  replacement  of  the  cartilaginous  tissue 
by  the  proper  osseous  tissue  goes  on,  until  none  of  the 
cartilage  is  left,  except  the  thin  layer  of  encrusting  cartH- 
age  at  each  articular  extremity.  Bones  grow  in  length  by 
an  ossification  in  cartilage ;  and  a  provision  for  their 
longitudinal  increase  is  furnished  up  to,  and  even  beyond 
the  age  of  puberty,  by  the  plate  of  cartilage  which  separ- 
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ates  the  epiphysis  from  the  shaft  of  a  bone.    The  ossifica- 
tion of  this  plate  of  cartilage  marks  the  period  when 
growth  ceases  in  the  long  axis  of  the  bone.    But  bones 
also  grow  in  thickness,  and  this  addition  to  their  girth 
takes  place  by  an  ossification  of  material  situated  at  their 
circumference.    It  has  already  been  pointed  out  that  a 
bone  is  invested  by  a  fibrous  membrane,  the  periosteum, 
which  fulfils  for  it  the  same  purpose  as  does  the  peri- 
chondrium for  the  cartilage.    On  the  deeper  surface  of  the 
periosteum,  i.e.,  next  the  bone  itself,  are  osteo-blastic  cells, 
■similar  to  those  which  lie  in  the  medullary  spaces  of  the 
foetal  cartilage.    These  cells  pass  through  a  similar  series 
of  changes,  and  produce  successive  layers  of  new  bone  at 
the  periphery.    The  importance  of  the  periosteum  as  a 
centre  of  origin  of  new  bone  has,  indeed,  long  been  recog- 
nised by  both  surgeons  and  pathologists.    The  parts  of  this 
membrane  in  which  the  special  bone-producing  power 
resides  is  the  deep  layer  of  osteo-blastic  cells,  whilst  the 
blood-vessels  furnish  the  pabulum  for  their  nutrition.  If 
strips  of  periosteum  be  removed,  along  with  the  cells  of 
the  deeper  osteo-blastic  layer,  from  a  bone,  and  transplanted 
to  other  parts  of  the  Hving  body,  bone  will  continue  to  be 
produced  by  their  agency. 

The  intra-membranous  ossification  of  bone  was  first 
recognised  by  Nesbitt,  and  has  been  worked  out  in  most 
of  its  details  by  Sharpey,  KoUiker,  and  Gegenbaur.  The 
tabular  bones  of  the  skuU  offer  the  best  iUustration  of 
this  mode  of  ossification.  Sharpey  has  pointed  out  that  a 
network  of  minute  spicula  of  bone  forms  in  the  fibrous  mem- 
brane and  extends  in  radiating  Unes  from  the  centre  of  ossi- 
fication towards  the  ckcumference  of  the  bone.   The  ossify- 
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iug  tissue  consists  of  fibres,  of  multitudes  of  granular  cor- 
puscles'or  osteo-blasts,  and  of  blood-vessels.  The  osteo-blasts 
invest  the  fibres,  but  as  the  investing  osteo-blastic  cells 
calcify,  from  the  periphery  towards  the  nucleus,  they  assume 
a  stellate  configuration,  and  pass  through  a  series  of  changes 
similar  to  those  described  in  the  intra-cartilaginous  mode 
of  ossification.  The  fibres,  which  are  in  the  first  instance 
soft,  also  calcify  and  contribute  to  the  formation  of  the 
bone.  Here,  however,  as  in  the  intra-cartilaginous  ossifica- 
tion, the  active  agents  in  the  ossific  process  are  the  osteo- 
blastic cells.  The  lamellated  structure  is  due  to  ossifica- 
tion of  successive  layers  of  these  cells,  and  the  formation 
of  the  lacunae  and  canaliculi  is  owing  to  the  persistence  of 
their  nuclei  with  a  small  proportion  of  unossified  investing 
protoplasm.  The  increase  in  thickness  of  a  membrane 
bone,  like  that  of  a  cartilage  bone,  takes  place  through 
ossification  in  a  deep  periosteal  layer  of  osteo-blasts.  Hence 
it  follows  that,  though  the  tissue  which  precedes  the  appear- 
ance of  bone  in  the  skeleton  is  not  uniformly  the  same, 
in  some  cases  being  fibrous  membrane,  in  others  cartilage, 
there  is  an  identity  in  the  ossific  process  in  the  two  forms 
of  pre-existing  tissue,  in  both  of  which  the  osteo-blast 
cells  are  the  active  agents  in  ossification.  The  chemical 
differentiation  which  takes  place  in  the  protoplasm  of  the 
osteo-blasts  during  bone-formation  is  not  merely  a  calcifica- 
tion, but  a  coincident  production  of  a  gelatine-yielding 
substance,  within  which  the  minute  calcareous  particles  are 
deposited. 

Stress  has  been  laid  by  some  anatomists,  in  discussing 
the  homologies  of  the  several  bones  of  the  skeleton,  on  the 
differences  met  with  in  the  place  of  their  formation.  Thus, 


176 


ANATOMY. 


it  has  been  supposed  that  a  bone  originally  developed  in  car- 
tilage cannot  be  homologous  with  one  originally  developed 
in  fibrous  membrane,  and  that  a  fundamental  morpho- 
logical distinction  should  be  drawn  between  cartilage  bones 
and  membrane  bones.    But  when  it  is  considered  that, 
though  the  place  of  formation  may  vary,  the  method  of 
formation  is  the  same  in  aU  locaUties,  it  does  not  appear 
that  so  much  importance  should  be  attached  to  the  distinc- 
tion between  cartilage  and  membrane  bones  as  it  has  some- 
times received.    Moreover,  the  differences  between  these 
two  varieties  of  bones  are,  during  the  growth  of  the  bone, 
still  further  diminished,  for  in  both  cases  increase  in  thick- 
ness takes  place  in  the  same  kind  of  pre-existing  tissue, 
and  in  the  same  way,  viz.,  by  ossification  of  the  deep 
periosteal  layer  of  osteo-blasts. 

In  the  description  of  the  development  of  bone  in  the 
fcetus  and  young  person,  the  formation  of  medullary  spaces 
was  referred  to.    But  the  production  of  spaces  in  bone  is 
by  no  means  Hmited  to  its  early  stages  of  growth.  ^  The 
medullary  canal  in  a  long  bone  can  scarcely  be  said  to 
exist  in  the  bones  of  an  infant's  Umbs.    The  hollowing 
out  of  the  shaft  of  a  long  bone  into  a  large  canal,  and  the 
enlargement  of  the  spaces  of  the  canceUated  tissue,  goes  on 
not  only  up  to  the  period  of  adult  life,  but  even  to  ad- 
vanced years ;  so  that  in  an  old  person  the  relative  size  of 
this  canal  is  greater  than  in  the  prime  of  Ufe.    The  Haver- 
sian spaces  also,  as  Tomes  and  De  Morgan  pointed  out, 
are  produced  by  the  absorption  of  the  lamella  of  the 
osseous  tissue  surrounding  the  Haversian  canals,  and  the 
production  of  these  spaces  is  constantly  going  on  during 
the  life  of  the  bone.    The  air-siauses  in  the  cranial  bones 
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are  also  formed  by  the  absorption  of  the  diploe,  and  con- 
sequent separation  of  the  two  tables  of  the  skull.  Bones, 
therefore,  are  organs  which  are  continually  undergoing 
change.    During  growth  additions  are  being  made  to  their 
length  and  thickness,  and  additional  lamellse  are  being 
formed  in  the  walls  of  the  Haversian  canals.    At  the  same 
time  a  hollowing  out  of  spaces  in  their  interior  is  going 
on,  so  that  an  increase  in  weight  commensurate  with  their 
growth  does  not  take  place.    The  interstitial  absorptive 
changes,  whether  occurring  during  growth  or  after  growth 
is  completed,  are  due,  as  KoUiker  has  shown,  to  the  action 
of  the  many-nucleated  colossal  cells,  or  osteo-klasts,  which 
line  the  walls  of  the  spaces  where  absorption  is  going  on. 
The  development,  modelling,  and  ultimate  configuration 
of  a  bone  are,  therefore,  as  has  been  well  expressed  by 
Kolliker,  the  product  of  the  formation  of  osseous  tissue  by 
the  agency  of  the  osteo-blasts,  and  of  its  absorption  or 
destruction  by  the  action  of  the  osteo-klasts. 

Trom  the  fact  that  osseous  tissue  may  be  produced  either 
in  the  cartilaginous  or  in  the  fibrous  tissues,  and  that  all 
three  contribute  to  the  formation  of  the  skeleton,  it  is 
evident  that  these  tissues  are  closely  aUied.  To  express 
this  aUiance  they  have  aU  been  grouped  together  under  the 
common  term  connective  substances. 

MuscuLAE  Tissue. 

_  The  Muscular  Tissue  is  that  which  is  actively  concerned 
either  in  the  movement  of  parts  of  the  body  on  each  other, 
orm  the  movement  of  the  entire  body  from  place  to  place; 
It  IS  the  active  agent,  therefore,  both  in  motion  and  loco- 
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motion.    It  forms  a  large  proportion  of  the  general  mass 
of  tlie  body,  is  the  essential  constituent  of  the  muscles  or 
flesh,  and  enters  into  the  formation  of  the  waUs  of  the  hol- 
low viscera.    It  consists  structurally  of  threads  or  fibres, 
some  of  which  'are  distinguished  by  being  marked  with 
transverse  stripes  or  striae ;  others  have  no  such  markings. 
Hence  it  is  customary  to  divide  the  fibres  of  the  muscular 
tissue  into  transversely  striped  fibres  and  non-striped  fibres. 
As  a  rule,  the  striped  fibres  are  coUected  together  to  form 
those  muscles  which  are  under  the  influence  of  the  wiU,  so 
that  both  the  muscles  and  the  fibres  of  which  they  are 
composed  are  called  voluntary.    One  important  exception 
to  this  rule  is,  however,  met  with,  for  the  muscular  fibres 
of  the  heai-t,  though  transversely  striped,  are  involuntary  ; 
the  will  exercises  no  control  over  the  action  of  the  heart. 
The  non-striped  fibres,  and  -the  muscles  into  the  construc- 
tion of  which  they  enter,  are  in  no  instance,  however,  sub- 
ject to  the  influence  of  the  will ;  so  that,  without  exception, 
they  may  be  named  involuntary. 

The  Non-striped  or  Involuntary  fibre,  sometimes  called 
pale  or  smooth  muscular  fibre,  enters  into  the  forma- 
tion of  the  walls  of  the  hoUow  viscera— e.(7.,  stomach, 
intestines,  bladder,  uterus-of  the  walls  of  the  air-tubes, 
.land-ducts,  blood  and  lymph  vessels,  of  the  skm,  and 
various  mucous  membranes.    The  fibres  are  usually  col- 
lected into  bundles  or  fasciculi,  which  are  not  aggregated 
together  into  such  compact  red  masses  as  in  the  voluntary 
muscles,  but  are  of  a  paler  red  colour,  and  are  set  farther 
apart,  and  often  cross  and  interlace  with  each  other  xn  the 
waUs  of  the  tubes  and  hoUow  viscera,  in  which  this  form 
of  muscle  is  found.    The  fasciculi  are  separated  from  each 
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otlier  by  a  delicate,  areolar  connective  tissue,  or  perimysium. 
The  size  of  the  fasciculi  varies  in  different  localities;  in  the 
hollow  viscera  they  are  so  large  that  their 
arrangement  can  be  observed  with  the  naked 
eye;  but  in  the  skin,  the  walls  of  gland- 
ducts,  &c.,  they  can  only  be  seen  with  the 
aid  of  the  microscope.  If  a  fasciculus  be 
carefully  torn  up  with  needles  it  can  be 
resolved  into  its  constituent  fibres,  and 
the  number  of  the  fibres  varies  with  the 
size  of  the  fasciculus.  The  non-striped 
fibres  are  pale  and  abnost  colourless,  with 
soft,  ill-defined  outlines,  from  g^V^th  to 
ToVfftt  inch  in  diameter;  they  are  rounded 

.    r  1  r'i<5-  58.— A,  afasci- 

m  lorm  or  laterally  compressed,  and  are  so  cuius  of  non-striped 

.,  '  muscular  fibre ;  B, 

easily  flattened  by  artificial  pressure  that,  isolated  muscu- 
they  have  erroneously  been  regarded  as  flat  "^'^'^^  magnified, 
or  ribbon-shaped  fibres.  When  digested  for  a  few  hours 
in  dUute  nitric  or  hydrochloric  acid,  and  sometimes  even 
without  any  reagent,  the  fibres  may  be  resolved  into  elon- 
gated fusiform  cells— the  contractile  fihro-celh  of  Kolliker 
-which  vaiy  in  length  from  ^i^th  to  ^i^th  inch,  and 
which  taper  off  usuaUy  into  attenuated  ends.  In  the 
middle  of  each  ceU  is  a  characteristicaUy  elongated,  rod- 
shaped  nucleus,  and  sometimes  the  substance  of  the  ceU  is 
finely  granular,  or  even  faintly  longitudinaHy  striped.  No 
ceU  waU  or  sarcolemma  can  be  distinguished.  In  some 
locahties,  as  was  pointed  out  by  Lister  in  the  minute 
artenes  in  the  web  of  the  frog's  foot,  isolated  contractile 
nbro-ceUs  are  wound  spiraHy  around  the  wall  of  the 
vessel.    The  cell  substance  refracts  light  doubly.  . 


180  ANATOMY. 

The  Transversely  Striped  fibre  is  the  characteristic  tissue 
of  the  voluntary  muscular  system,  and  is  found  wherever 
energetic  movements  are  to  be  performed.  In  these  muscles 
the  fibres  are  coUected  together  in  fascicuH,  which  bundles 
usually  Ue  parallel  to  each  other,  and  extend  from  the 
tendon  of  origin  to  the  tendon  of  insertion.    Each  muscle 
is  invested  by  a  membranous  sheath  formed  of  connective 
tissue,  the  perimydum  externum,  which  sheath  gives  off 
processes  that  dip  into  the  substance  of  the  muscle,  so  as 
to  form  delicate  partitions  between  the  fasciculi,  and  from 
these  partitions  still  more  slender  prolongations  of  connec- 
tive tissue,  named  perirtiyskm  internum,  pass  between  the 
fibres    The  bundles  of  the  perimysium  are  described  by 
Thin  as  invested  by  a  layer  of  flat  cells.    The  number 
and  size  of  the  fasciculi  vary  with  the  size  and  texture 
of  the  muscle;  in  some,  as  the  deltoid  and  glutaeus 
maximus,   the  fascicuU   are  large  and  coarse;  whilst 
in  others,  as  the  graciUs  and  omo-hyoid,  they  are  much 
finer      The  number  of  fibres   in   a  fasciculus  varies 
with  its  length  and  tHckness,  and  the  fibres  wHch  are 
adjacent   to   each   other   in  a  fasciculus  He  paraUeL 
The    striped   fibres   are   cyUndrical   or   lateraUy  com- 
pressed; they  usuaUy  taper  off  at  their  extremities,  and 
apparently  do  not,  even  in  muscles  with  long  fascicuh, 
exceed  U  inch  in  length.    The  transverse  diameter  of  the 
striped  fibres  varies,  in  different  localities  in  the  human 
body,  from  ,i,th  to  ^V.tb  inch,  according  to  the  measure- 
ments of  Kolliker.    Much  wider  differences  m  diameter 
are  found  in  the  animal  series,  in  insects  the  fibres  being 
of  extreme  minuteness,  whilst  in  cold-blooded  animals 
they  are  much  larger  than  in  man  and  mammals. 
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If  a  fibre  be  carefully  separated  from  a  fasciculus,  and 
examined  microscopically  by  transmitted  light,  transverse 
stripes  may  be  readily  seen  to  extend  across  it  from  side 
to  side.  These  transverse  striae  are  not  mere  surface 
marks,  but,  as  Bowman  pointed  out,  pass  through  its 
entire  thickness,  and  lie  parallel  to  each  other.  The  stria- 
tion  is  due  to  the  structure  of  the  fibre,  which  consists, 
as  was  shown  by  Dobie  in  1848,  of  two  kinds  of  sarcous 
matter,  of  dark  and  light  bands  or  discs,  alternately  dark 
and  Light.  The  discs  differ,  according  to  Briicke,  in  optical 
properties,  the  light  discs  refracting  the  light  singly — are 
isotropic;  whilst  the  dark  discs  refract  light  doubly,  and 
consist  of  an  anisotropic  substance.  Dobie  described  in 
1848  a  dark  line  passing  across  the  light  disc, 
so  as  to  subdivide  it  into  two  halves,  which 
line  Busk  and  Huxley  showed  to  be  dotted ; 
and  this  appearance  has  also  been  figured  by 
Sharpey,  Krause,  and  others.  It  is  believed 
to  be  due  to  the  presence  of  a  strongly 
refracting  stripe  in  the  middle  of  the  feebly 
refracting  Ughtdisc.  Dobie,  and  more  recently 
Hensen,  have  directed  attention  to  a  slender, 
feebly  refracting  stripe  passing  transversely 
across  the  strongly  refracting  dark  disc,  so  as 
to  subdivide  it  also  into  two  halves.  In 
addition  to  the  transverse  strife,  the  fibres  not 
unfrequently  show  markings  which  extend '''^ersei^'^BSed 
longitudinaUy,  but  these  are  irregular  in  ^""'^ 
position,  do  not  correspond  to  the  whole  length  of  the  fibre, 
or  necessarily  pass  through  its  entire  thickness. 

The  transverse  and  longitudinal  markings  indicate  that 
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a  muscular  fibre  has  a  disposition  to  split  up  transversely 
or  longitudinally  into  smaller  particles.    The  transverse 
subdivision  of  the  fibre  is  promoted  by 
digesting   a  piece  of  muscle  for  some 
hours  in   dilute  hydrochloric   acid.  If 
the  fibres  be   then   examined,  gaps  or 
fissures  will  be  seen  to  extend  transversely 
into  the  substance  of  the  fibre;  and,  if 
the  digestion   has  been  suflaciently  pro- 
longed, the  fissures  have  extended  com- 
pletely across  the  fibre,  and  have  sub- 
Fio.  60.— A  muscu-  (divided  it  into  a  midtitude  of  plate  or 

lar   fibre  cleaving 

transversely        disc- shaped   bodies  —  the  muscular -jiore 
discs.    These  discs  are  the  strongly  and 
feebly  refracting  discs  akeady  described,  and  the  trans- 
verse diameter  of  each  disc  corresponds  to  that  of  the 
fibre  from  which  it  has  been  derived.    The  longitudinal 
marks  in  the  fibre  are  best  seen  by  digest- 
ing a  piece  of  muscle  in  strong  spirit  of 
wine,  or  in  a  solution  of  chromic  acid.  If 
a  fibre  so  treated  be  teased  out  with 
needles,  and  the  thin  covering  glass  be 
smartly  tapped,  the  fibre  wiU  spUt  up 
longitudinaUy  into  multitudes  of  minute, 
elongated  threads— the  mmcular-fihre  fib- 
rillce.     A  fibrilla  may  be  regarded  as 
equalling  in  length  the  fibre  of  which  it 
''far'fl^^e''  ciCing  formed  a  part,  and  like  the  fibre  is  trans- 
S.'^^"' versely  striped;  but  its  breadth  is  not 
definite,  and  depends  upon  the  minuteness  with  .^ch 
the  fibre  has  been  spUt  up  in  the  longitudmal  direction. 


IIUSCULAE  TISSUE. 


183 


If  in  the  same  fibre  the  processes  of  transverse  and 
longitudinal  splitting  were  to  go  on  simultaneously,  then 
the  fibre  would  be  resolved  into  an  immense  multitude 
of  rectangular  particles — the  sarcous  elements  of  Bow- 
man. If  these  particles  be  regarded  as  the  ultimate  sub- 
divisions of  the  fibre,  then  the  discs  may  be  conceived 
to  be  bmlt  up  of  a  number  of  these  particles,  possessing 
similar  optical  properties,  arranged  side  by  side,  so  as  to 
occupy  the  entire  diameter  of  the  fibre  in  any  transverse 
plane:  whilst  the  fibrUlas  are  built  up  of  the  particles 
arranged  end  to  end,  so  as  to  correspond  to  the  entire 
bngth  of  the  fibre ;  but  in  this  longitudinal  arrangement, 
particles  with  different  optical  properties,  the  one  singly 
lefracting,  the  other  doubly  refracting,  alternate  with  each 
other  with  the  utmost  regularity.  .Thin  describes  the 
ibrillse  as  collected  into  parallel  bundles,  which  are 
separated  from  adjacent  bundles  by  spaces  lined  by  flat 
<ells.  These  spaces  he  believes  to  be  continuous  through 
ioles  in  the  sarcolemma,  which  admit  the  nerves,  with 
ymph  spaces  outside  the  sarcolemma,  which  lie  between 
it  and  the  perimysium. 

Another  view  of  the  structure  of  muscular  fibre,  based 
on  observations  on  the  fibres  of  the  water-beetle,  has  just 
been  advanced  by  E.  A.  Schafer.  He  describes  the  dark, 
or,  as  seen  in  a  living  fibre,  the  "dim  discs,"  as  traversed 
by  multitudes  of  excessively  fine,  dark,  rod-shaped  particles 
parallel  in  their  direction  to  the  fibre  itself,  which  extend 
into  the  contiguous  bright  discs,  near  the  middle  of  which 
each  muscle  rod  ends  in  a  knob-like  extremity,  and  the 
series  of  knobs  form  a  Hue  of  minute  dark  dots,  passing 
transversely  across  each  bright  disc.    The  muscle  rods  are 
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imbedded  in  a  "  groun'd-substance,"  that  forms  the  alter- 
nating dim  and  bright  discs,  which  substance  he  believes 
to  be  anisotropous,  whilst  the  muscle  rods  are  isotropous. 
He  regards  the  ground-substance  as  the  true  contractile 
part  of  the  fibre. 

Each  transversely  striped  fibre  is  invested  by  a  homo- 
geneous membrane,  the  sarcolemma  or  myolenvma,  which 
is  so  transparent  as  to  allow  the  characteristic  transverse 
stri*  to  be  distinctly  seen  through  it.    The  sarcolemma  is 
so  closely  incorporated  with  the  periphery  of  the  fibre,  that 
its  isolation  and  demonstration  as  a  distinct  membrane  in 
the  fibres  of  the  mammalia  are  attended  with  some  difficulty ; 
but  when  water  is  added  to  the  living  fibre  of  frogs  and  fish, 
it  is  absorbed,  and  elevates  the  sarcolemma  from  the  sarcous 
contractile  particles.    Thin  describes  the  sarcolemma  as 
covered  by  a  layer  of  flat  cells.    If  acetic  acid  be  added 
to  a  muscular  fibre  the  transverse  striae  become  less 
distinct,  and  a  number  of  oval  bodies  come  into  view. 
These  are  especially  to  be  seen  next  the  periphery  of  the 
fibre  in  relation  to  the  inner  surface  of  the  sarcolemma, 
though  some  apparently  lie  deeper  in  the  substance  of  the 
fibre.    These  bodies  have  long  been  known  as  the  nuclei 
of  the  striped  fibre.    More  recent  investigations  have,  how- 
ever, shown  that  each  nucleus  lies  in  a  little  finely-dotted 
protoplasm,  which  often  extends  in  a  fusiform  manner 
beyond  the  ends  of  the  nucleus.    These  nuclei,  with  their 
investing  protoplasm,  have  the  anatomical  characters  of 
nucleated  cells,  and  are  called  the  rmiscle  corpuscles. 

Some  peculiar  modifications  of  the  striped  muscular  fibre 
are  met  with  in  certain  locaUties.  As  a  rule,  this  form  of 
fibre  does  not  branch;  but  in  the  muscles  of  the  tongue 
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and  Kp,  and  other  muscles  of  the  face,  these  fibres  usually 
branch  prior  to  their  insertion,  and  the  branches  taper  off 
to  finely  attenuated  ends.  In  the  heart 
also  the  fibres  branch ;  and  the  branches 
of  adjacent  fibres  anastomose,  so  that  the 
muscular  wall  of  this  organ  consists  of  a 
compact  network  of  fibres;  the  individual 
fibres  are  smaller  than  those  of  the  volun- 
tary muscles,  the  transverse  striation  is 
much  less  distinct,  and  it  is  doubtful  if  an 
investing  sarcolemma  be  present. 

Some  difficulty  has  been  experienced  in 
determining  the  exact  mode  of  connection 
of  the  fibres  of  the  belly  of  a  muscle  with 
those  of  its  terminal  tendons.  By  some  it 
has  been  supposed  that  the  fibres  of  the 
muscle  are  directly  continued  into  the  con- 
nective tissue  bundles  of  the  tendon;  whilst  ^ti  tKn* 
Weismann  has  described  the  muscular  fibre  ^u'clr  Ire  o1 
as  terminating  in  a  sharply-defined,  rounded,  Jh^bnnm'oJ^ie 
or  pointed  extremity,  to  which  the  fibres  of  rmf  ^''''""^ 
the  tendons  are  closely  apposed. 

Both  the  striped  and  non-striped  forms  of  muscle  are 
weU  provided  with  blood-vessels,  which  ramify  in  the  sub- 
stance of  the  muscle  lying  in  the  areolar  connective  tissue, 
or  perimysium,  that  separates  the  fasciculi  and  fibres  from 
each  other.  The  capillaries  form  an  elongated  network, 
the  principal  strands  of  which  lie  parallel  to  the  muscular 
fibres,  but  never  penetrate  the  sarcolemma.  Hence,  though 
the  beUy  of  a  muscle  is  a  highly  vascular  organ,  its  individual 
fibres  are  extra-vascular.     But  if  Thin's  observations  be 
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correct,  spaces  in  tlie  interior  of  the  muscular  fibres  are 
continuous  with  the  lymphatic  system.  The  vascularity 
of  the  fleshy  belly  is  much  greater  than  that  of  the  terminal 
tendons  of  attachment,  and  the  nutritive  changes  are  much 
more  active  in  it  than  in  them.  The  mode  of  termination 
of  nerves  in  muscle  will  be  considered  in  the  section  on 

nervous  tissue. 

The  contractile  fibro-cells  of  the  non-striped  muscular 
fibre  are  formed  by  the  gradual  elongation  of  the  rounded 
cells  of  the  middle  germinal  layer,  or  mesoblast,  of  the 
embryo  into  spindle-shaped  cells,  the  oval  nuclei  at  the 
same  time  becoming  elongated,  so  as  to  assume  a  rod- 
shaped  form.  UsuaUy  the  spindle  ceHs  which  be  in  the 
same  linear  series  become  cemented  together  into  the  smooth 
fibres  of  this  form  of  muscle. 

The  mode  of  development  of  the  striped  fibre  from 
the  mesoblast  cells  is  more  difficult  to  foUow  out,  and 
various  statements  have  been  made  as  to  the  successive 
stages  of  its  formation.    Schwann  beHeved  that  a  fibre 
was  built  up  of  the  embryonic  ceUs  of  the  part,  which 
arranged  themselves  in  linear  series,  coalescing  with  each 
other  at  their  surfaces  of  contact;  that  the  contents  of 
the  cells  then  became  transvei-sely  striated,  and  that  the 
ceU  waUs  formed  the  sarcolemma.    Savory  and  Lockhart 
Clarke  maintained  that  a  formation  of  blastema  took 
place  around  free  nuclei,  and  that  this  blastema  gradually 
assumed  the  striated  character.    Remak,  KoUiker,  Wilson 
Fox,  and  Frey  have,  however,  by  studying  the  earhest 
sta^'es  of  development  in  the  very  young  embryo,  estab- 
Hshed  the  fact  that  the  striped  fibres  are  developed  from 
the  ceUs  of  the  embryo,  though  not  in  the  manner  described 
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by  Scliwann.  The  process,  briefly  stated,  is  as  follows  : 
The  embryonic  cells  elongate,  the  nucleus  may  remain 
single,  but  more  usually  it  divides  and  subdivides,  so  that 
many  nuclei  appear  in  the  interior  of  the_  elongated  cell. 
The  nuclei  lie  in  linear  series,  and  may  either  be  separated 
from  each  other,  or  two  or  more  may  be  in  contact,  and 
they  may  lie  either  near  the  periphery  of  the  elongated 
cell,  or  in  its  axis.  With  this  multiplication  of  the  nuclei, 
the  cell  increases  in  length  and  assumes  the  form  of  a  fibre. 
The  ceU  protoplasm,  both  in  the  single  and  many-nucleated 
fibres,  then  differentiates  into  the  sarcous  particles  of  the 
transverse  stvias,  and  as  this  progresses  the  fibre  assumes 
its  characteristic  striped  appearance.  The  whole  amount  of 
the  protoplasm  does  not,  however,  assume  the  transversely 
striped  appearance,  for  a  small  quantity  remains  around 
each  nucleus  and  forms  with  it  a  muscle  coipuscle.  The 
differentiation  of  the  protoplasm  occasions  an  anatomical 
and  chemico-physical  change  in  the  fibre,  and  confers  on 
it  the  property  of  energetic  contractility.  W.  Engelmann 
has  endeavoured  to  show  that  the  opaque  anisotropic  discs 
of  the  fibre  are  those  in  which  the  power  of  contractility 
resides,  and  that  the  clear  isotropic  discs  possess  only  elastic 
properties.  The  mode  of  development  of  the  sarcolemma  is 
stiU  somewhat  obscure.  By  some  it  is  regarded  as  the  wall 
of  the  embryonic  cells,  which  have  become  metamorphosed 
into  muscular  fibres ;  by  others  it  is  regarded  as  a  special 
differentiation  of  the  protoplasm  at  the  periphery  of  the 
fibre  taking  place  at  the  time  when  the  transverse  strisB 
are  being  formed ;  whilst  by  others  it  is  considered  to  be 
a  special  modification  of  connective  tissue  formed  around 
the  fibre.    In  the  development  of  the  muscular  fibres  of 
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tlie  heart,  the  cells  of  the  embryo  heart  branch  and  anasto- 
mose, and  the  nuclei  multiply.  By  the  transverse  striation 
of  the  protoplasm  of  these  cells  the  branched  muscular  fibres 
of  the  heart  are  produced. 

In  the  growth  of  a  muscle  the  individual  fibres  increase 
in  size,  so  that  they  are  bigger  in  the  adult  than  at  the 
time  of  birth.  The  observations  of  Budge,  Weismann,  and 
Beale  show  that  new  fibres  may  also  form  in  a  muscle. 
Weismann  believes  that  this  increase  may  be  due  to  a 
longitudinal  splitting  of  a  pre-existing  fibre ;  but  Beale 
maintains  that  the  new  fibres  are  produced  in  the  muscle 
in  the  same  manner  as  the  original  fibres  of  the  part. 


The  Nervous  Tissue  and  the  tissues  which  form  the 
Blood  and  Lymph  Vessels  will  be  described  in  the  chapters 
on  the  Nervous  and  Vascular  systems. 


CHAPTEE  V. 


NEEVOUS  SYSTEM. 


The  Nervous  System  consists  of  a  number  of  organs 
which  are  named  respectively  Nerve  Centres,  Nerves,  and 
Peripheral  End-organs.  The  largest  and  most  important 
Nerve  Centres  are  the  brain  and  spinal  cord,  which  together 
constitute  the  cerebro-spinal  nervous  axis,  and  are  lodged 
in  the  cranial  cavity  and  spinal  canaL  But,  in  addition, 
nimierous  small  bodies,  usually  oval  in  form,  technically 
called  ganglia,  are  situated  in  other  localities,  and  form 
smaller  nerve  centres.  The  Nerves  are  white  cords  or 
threads  which  traverse  the  different  regions  of  the  body,  both 
axial  and  appendicular,  for  a  greater  or  less  distance,  for 
the  purpose  of  connecting  together  the  other  sub-divisions 
of  the  nervous  system.  The  Peripheral  End-organs  are 
minute  structures  connected  with  the  peripheral  extrem- 
ities of  the  nerves.  These  end-organs  are  situated  in  the 
skin  and  other  organs  of  sense,  in  the  glands,  blood-vessels, 
and  muscles.  The  nerves  establish  communications  and  con- 
duct nervous  impulses,  either  between  different  nerve  centres, 
or  between  nerve  centres  and  peripheral  end-organs,  so  as 
to  associate  together  in  their  action  parts  of  the  nervous 
system  often  widely  separated- from  each  other.  Nerves, 
therefore,  are  internuncial  structures.  When  a  nerve  con- 
nects two  nerve  centres  together  it  is  intercentral.  When 
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a  nerve  connects  a  nerve  centre  with,  a  peripheral  end- 
organ,  and  conducts  impulses  from  the  centre  to  the 
end-organ,  it  is  a  centro-'peri'plieral  or  centrifugal  nerve. 
When  a  nerve  connects  a  peripheral  end-organ  with  a 
centre,  and  conducts  impulses  from  the   end-organ  to 
the  centre,  it  is  a  perijjli&ro-central  or  centripetal  nerve. 
Owing  to  the  different  directions  in  which  impulses  are  con- 
ducted by  nerves,  the  varying  nature  of  their  end-organs, 
and  the  structural  and  functional  differentiation  of  the  nerve 
centres,  or  portions  of  the  nerve  centres  in  which  their 
central  extremities  terminate,  nerves  vary  so  in  their 
functions,  that  a  classification  of  the  nerves,  based  upon 
their  functional  properties,  has  been  proposed.    Of  the 
centro-peripheral  nerves,  those  which  end  in,  and  conduct 
impulses  to  the  muscles  are  motor  nerves;  those  which 
end  in,  and  conduct  impulses  to  the  muscular  coat  of  the 
blood-vessels  are  vaso-motor  nerves  ;  those  which  terminate 
in  connection  with,  and  conduct  impulses  to  the  secreting 
cells  of  a  gland,  are  secretory  nerves;  whilst  some  physio- 
logists have  named  nerves  which  they  believe  to  terminate 
in  the  tissues  and  to  conduct  impidses  for  the  regulation  of 
their  nutrition,  trophic  nerves.    It  should  be  stated,  how- 
ever, that  it  is  not  yet  absolutely  determined  that  the  cell 
elements  of  the  tissues  have  special  nerves  terminating  in 
connection  with  them  for  the  purpose  of  exercising  a  direct 
influence  over  their  nutrition.    Should  these  special  nerves 
be  non-existent,  then  the  nutritive  functions  would  be 
influenced  solely  by  the  vaso-motor  nerves,  wHch  regulate 
the  size  of  the  blood-vessels  and  the  amount  of  blood 
which  flows  through  a  part  in  a  given  time.  Certain 
nerves  which  conduct  impulses,  by  virtue  of  which  the 
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functional  activity  of  a  part  is  arrested  or  diminislied,  are 
called  inhibitory  nerves.  Of  the  periphero-central  nerves, 
those  which  arise  in  the  end-organs  in  the  skin,  terminate 
in  a  nerve  centre,  and  induce  in  it  the  molecular  changes 
which  give  rise  to  the  sensation  of  touch,  are  nerves  oj 
common  sensation;  those  which  arise  in  the  end-organs  in 
the  eye,  ear,  nose,  and  tongue,  and  induce  in  their  appro- 
priate nerve  centres  the  sensations  of  sight,  sound,  smell, 
and  taste,  are  nerves  of  special  sense;  whilst  nerves  which 
conduct  impulses  from  peripheral  end-organs  to  a  nerve 
centre,  and,  instead  of  inducing  in  the  latter  a  sensation, 
have  the  impulses  reflected  to  other  nerves,  are  reflex 
nerves.  When  the  impulses  are  reflected  to  motor  nerves, 
they  are  excito-motory ;  to  secretory  nerves,  excito-secretory ; 
to  inhibitory  nerves,  excito-inhibitory.  In  some  fishes 
which  possess  electrical  organs,  nerves,  named  electric 
nerves,  conduct  impulses  to,  and  set  in  activity  the  batteries 
from  which  electrical  shocks  are  discharged. 

The  nerve  centres,  nerves,  and  peripheral  end-organs  are 
arranged  in  two  groups  or  systems — a  Cerebro-spinal  and 
a  Sympathetic.  The  Cerebro-spinal  nervous  system  con- 
sists of  the  brain  and  spinal  cord,  the  nerves  which  arise 
from  or  terminate  in  these  large  centres,  the  small  ganglia 
connected  with  these  nerves,  and  the  end-organs  at  their 
peripheral  terminations.  The  Sympathetic  nervous  system 
consists  of  the  sympathetic  ganglia,  with  their  nerves  and 
end-organs. 
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Nervous  Tissue. 

The  several  parts  of  the  nervous  system  are  not  uniform 
in  colour,  some  being  white,  others  grey.  The  nerves, 
at  least  those  of  the  cerebro-spinal  system,  are  invariably 
white,  and  white  masses,  variable  in  size,  are  met  with 
in  the  brain  and  spinal  cord;  they  constitute  the  white 
matter  of  the  nervous  system.  In  the  nerve  centres,  both 
of  the  cerebro-spinal  and  sympathetic  systems,  grey  matter 
is  found,  sometimes  in  considerable  quantities.  This'grey 
colour  is  so  characteristic,  that  it  may  be  regarded  as 
marking  the  position  of  a  nerve  centre. 

The  nervous  system  possesses  a  characteristic  form  of 
tissue — the  nervous  tissue — which  in  part  consists  of  fibres 
(Nerve  Fibres),  and  in  part  of  cells  (Nerve  Cells).  The  nerve 
cells  are  found  in  the  grey  matter— that  is,  in  the  nerve 
centres — and  sometimes  also  in  the  peripheral  end-organs. 
The  nerve  fibres  constitute  the  nerves,  enter  into  the  nerve 
centres,  and  pass  into  the  peripheral  end-organs;  they  form 
the  white  matter.  But  in  addition  to  the  characteristic 
nervous  tissue,  the  nervous  system  also  contains  a  con- 
siderable quantity  of  connective  tissue,  numerous  blood- 
vessels, and  some  lymph  vessels. 

Nerve  Fibres. — Nerve  fibres  are  of  two  kinds  :  a,  the 
white,  medullated,  or  dark-bordered  fibres,  which  are  the 
characteristic  fibres  of  the  cerebro-spinal  nervous  system, 
though  they  do  also  sparingly  occur  in  the  sympathetic 
system ;  h,  the  pale,  non-meduUated,  or  gelatinous  nerve 
fibres,  which  are  the  characteristic  fibres  of  the  sympa- 
thetic nervous  system. 

Medullated  Nerve  Fibres.— To  examine  the  structure  of 
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these  fibres,  a  portion  of  a  cerebro-spinal  nerve  may  be 
selected.  In  tlie  first  place,  it  will  be  seen  to  be  invested 
by  a  sheatli  of  connective  tissue,  tlie  perineuritim,  whicli 
gives  off  processes  tliat  pass  into  tbe  nerve,  and  subdivide 
it  into  fasciculi  or  funiculi  Eact  fasciculus  is  in  its  turn 
composed  of  nerve  fibres,  wMch  are  separated  from  each 
other  by  bundles  of  delicate  connective  tissue,  prolonged 
from  the  perineurium,  in  which  the  nutrient  blood- 
vessels of  the  nerve  ramify.  The  perineuria!  connective 
tissue  investing  a  fasciculus,  presents,  when  treated  with 
nitrate  of  silver,  polygonal  markings,  which,  as  Ranvier 
showed,  are  the  outHnes  of  a  layer  of  flat  endothelial- 
like  ceUs.  The  size  of  a  nerve  is  in  relation  to 
the  number  and  size  of  its  fascicuH,  and  the  size  of  a 
fasciculus  is  in  relation  to  the  number  of  its  fibres.  The 
fibres  and  the  fascicuH  He  paraUel  to  each  other  in  the 
same  nerve;  but  as  nerves  branch  at  intervals,  the  more 
external  of  the  fasciculi  diverge  from  the  main  stem  t» 
form  the  branches.  In  the  white  matter  of  the  brain  and 
spinal  cord  the  nerve  fibres  are  not  arranged  in  such 
definite  fascicuh  as  in  a  distributory  nerve,  and  the  con- 
nective tissue  between  the  fibres  is  the  soft,  dehcate  form 
called  neuroglia. 

A  medullated  nerve  fibre  is  an  elongated  cylinder,  which, 
when  examined  in  the  body  of  a  Hving  animal,  or  im- 
mediately after  removal  from  the  Hving  body,  consists 
apparently  of  a  soft,  homogeneous,  or  glassy-looking  sub- 
stance enclosed  within  a  limiting  membrane.  When  ex- 
amined some  time  after  death,  or  after  the  addition  of  re- 
agents, such  as  water,  spirit,  ether,  collodion,  acetic  acid,  &c., 
It  loses  its  homogeneous  aspect,  and  the  following  strac- 
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tures  can  be  distinguished  in  it :  a  (Fig.  63),  a  delicate  trans- 
parent  investing  membrane, — ^tbe  so-called  tubular  or 

primitive  memhrane,  or  neuri- 
lemma ;  c,  a  delicate  thread, 
extending  along  the  axis  of 
the  fibre, — ^the  axial  cylinder 
or  central  band  of  Remak  ; 
B,  a  substance  which  lies  be- 
tween the  primitive  mem- 
brane  and  the  axial  cylin- 
der,— ^the  white  substance  of 
''^iot'irg\h^/rurcoXur''r?:  Schwann,  or  the  medullary 
^^^^^^^r^y  sheath.    Within  the  external 
tm'g  ".efo^nd^^e  ^S^enrof  outline  of  the  fibre,  formed  by 

the  fibre.     3.  Transverse  section  _ 

tiirough  tiie  meduUated  fibres  of  a        investmg  membrane,  IS  a 

nerve  sliowinff  tlie  axial  cylinder  in 

the  centre  of  each  fibre.  Becween  the  gecoud  line,  UOt  qvute  parallel 
fibres  is  the  interflbrous  connective 

tissue.  to  the  first,  and  the  presence 

of  these  two  lines  gives  to  the  fibre  a  characteristic 
double-contoured  appearance.  The  investing  membrane 
is  a  perfectly  pellucid,  homogeneous  structure,  with  nuclei 
arranged  at  intervals  in  it.  It  is  bebeved  to  be  absent 
from  the  nerve  fibres  in  the  brain  and  spinal  cord,  as 
weU  as  at  the  peripheral  terminations  of  many  nerves. 
The  meduUary  sheath  is  a  fatty  and  albummous  sub- 
stance, which  refracts  the  light  strongly.  Not  unfre- 
Quently  it  collects  into  Uttle  baU-hke  masses,  and  some- 
times  causes  irregular  bulgings  on  the  fibre,  and  pro- 
duces a  knotted,  varicose  appearance;  at  other  tmies  it 
becomes  granular,  and  makes  the  fibre  opaque.  By  gentle 
pressure  it  can  be  squeezed  out  of  the  broken  end  of  a 
C    Eanvier  has  described  the  meduUaiy  sheath  as, 
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divided  into  segments  from  breaks  in  its  continuity,  occur- 
ring at  intervals  in  the  fibre.  These  breaks  have  been  called 
the  nodes  of  Eanvier.  The  axial  cylinder  is,  however,  pro- 
longed across  the  node  from  one  segment  to  the  other, 
and  is  surrounded  at  the  node  merely  by  the  primitive 
membrane. 

The  axial  cyhnder  is  a  pale,  grey,  cylindriform  band, 
usually  about  one-third  or  one-fourth  the  diameter  of  the 
fibre,  which  possesses  more  tenacity  than  the  medullary 
sheath,  and  not  unfrequently,  as  in  Fig.  63,  2,  projects  for 
some  distance  beyond  the  broken  end  of  a  fibre.  Max 
Schultze  showed  that  it  is  not  homogeneous,  but  exhibits  a 
very  delicate  longitudinal  fibrillation,  and  at  the  ends  of  the 
nerves  these  primitive  Jiibrillce  may  separate  from  each  other. 
Although  from  its  great  delicacy  the  axial  cylinder  can- 
not be  seen  in  the  living  fibre  of  a  cerebro-spinal  nerve, 
yet  there  are  many  reasons  for  regarding  it  as  a  structure 
existing  in  the  living  nerve,  and  not  the  product  of  a  post 
mortem  change.  It  is  the  part  of  a  fibre  which  first  appears 
in  the  course  of  development— the  medullaiy  sheath  and 
primitive  membrane  being  secondary  investing  structures, 
superadded  as  development  proceeds.    It  forms  not  un- 
frequently the  only  constituent  of  a  nerve  fibre  at  its 
central  and  peripheral  terminations,  and  is  therefore  the 
part  of  the  fibre  which  is  anatomically  continuous  with  the 
nerve  cell,  or  with  the  peripheral  end-organ.    As  it  is  the 
sole  constituent  of  many  nerve  fibres  at  their  terminations, 
and  of  all  nerve  fibres  in  the  earUer  stage  of  development, 
and  as  it  forms  the  medium  of  connection  between  them 
and  the  structures  in  which  they  terminate,  it  is  obviously 
of  primary  importance,  both  anatomically  and  physiologi- 
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cally,  and  is  believed  to  be  the  part  of  the  fibre  directly 
concerned  in  the  conduction  of  nervous  impulses;  whilst  the 
investing  structures  serve  the  purpose  of  insulating  mate- 
rials.   Lister  and  I  pointed  out,  in  1859,  that  essential 
differences  in  chemical  composition  existed  between  the 
axial  cyUnder  and  the  medullary  sheath  ;  the  former  being 
unaffected  by  chromic  acid,  though  the  latter  is  rendered 
opaque  and  brown,  and  concentrically  striated  under  its 
influence ;  while,  on  the  other  hand,  the  axial  cyhnder  is 
stained  red  by  an  ammoniacal  solution  of  carmine  with 
great  facility,  although  the  medullary  sheath  is  unaffected 
by  it.    We  further  showed  that  these  differences  in  the 
mode  of  action  of  chromic  acid  and  carmine  might 
advantageously  be  employed  in  the  demonstration  of  the 
structure  of  nerve  fibres.    Ranke  has  subsequently  stated 
that  the  axial  cylinder  possesses  an  acid,  and  the  meduUary 
sheath  an  alkaUne  reaction. 

The  presence  of  a  layer  of  flat  cells  between  the  primitive 
membrane  and  the  white  meduUary  substance  has  recently 
been  described  by  Thin. 

MeduUated  nerve  fibres  vary  materiaUy  in  diameter  in 
different  parts  of  the  nervous  system.    In  the  brain,  for 
instance,  they  are  sometimes  as  fine  as  the  1-^00*^  ^^^'> 
whilst,  in  the  distributory  nerves,  fibres  of  -^ots^'^^  of  an 
inch  in  diameter  may  be  seen  ;  though  it  should  be  stated 
that   even  in  the  nerves  of  distribution,  fibres  of  great 
minuteness  are  often  placed  in  the  same  bundle  with  those 
of  the  largest  size.    Nerve  fibres  do  not  branch  m  their 
course  but  only  at  their  central  or  peripheral  termmations, 
and  much  more  frequently  at  the  latter  than  the  former. 
Non-medulMed  Nerve  i<'i6m.-These  fibres,  which  are 
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characterised  by  thie  absence  of  a  medullary  sheatb,  are 
cMefly  found  in  the  sympathetic  nervous  system,  but  they 
occur  also  in  the  cerebro-spinal  system.  The  fibres  of  the 
olfactory  nerve  are  non-medullated,  so  also  are  the  peri- 
pheral terminations  of  the  cerebro-spinal  nerves,  and  indeed 
all  nerve  fibres  in  the  first  stage  of  their  development.  In 
Pdromyzon  it  has  been  stated  that  all  the  nerve  fibres  are 
distinguished  by  the  absence  of  a  medullary  sheath. 

This  form  of  nerve  fibre  consists  of  pale  grey,  translucent, 
flattened  bands,  the  e^Vuth  to  g  oVoth  inch  in 
diameter.  They  usually  appear  as  if  homo- 
geneous or  faintly  granular ;  but  Schultze 
showed  that,  when  carefully  examined,  they 
present  a  delicate  fibrillated  appearance,  like 
that  seen  in  the  axial  cylinder  of  a  medullated 
nerve;  hence,  like  that  cylinder,  they  are 
supposed  to  be  composed  of  multitudes  of 
extremely  delicate  primitive  fibrillse  imbedded 
in  a  finely  granulated  material.  Sometimes 
these  fibres  consist  solely  of  this  fibrillated 
material,  at  other  times  they  are  invested  by 
a  sheath  similar  to  the  primitive  membrane  mediiiiated 

r  n  n       1  r-i  -»T    ,  nerve  fibres 

01  a  medullated  fibre.    Nuclei  are  also  found   fiom  t^e  sym- 

,     ,    .  pathetic  sys- 

botn  m  the  substance  of  the  fibre  and  in 
relation  with  the  primitive  membrane.  The  presence  of 
multitudes  of  fibres  in  the  sympathetic  nervous  system, 
formed  either  entirely,  or  ahnost  entirely,  of  a  material 
precisely  similar  in  structure  to  the  axial  cylinder  of  a 
medullated  fibre,  and  by  which  the  proper  function  of  the 
fibre  can  alone,  therefore,  be  exercised,  is,  of  course,  an 
additional  argument  to  those  previously  advanced,  in 
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favour  of  the  existence  of  the  axial  cylinder  as  a  normal 
constituent  of  the  fibre,  and  of  its  functional  importance. 

Nerve  Cells. — Nerve  cells  constitute  an  important  division 
of  the  nervous  tissue.  They  are  the  characteristic  structures 
in  the  nerve  centres,  are  susceptible  to  impressions,  or  nervous 
impulses,  and  are  the  texture  in  which  the  molecular  changes 
occur  that  produce  or  disengage  the  special  form  of  energy 
named  nerve  energy,  the  evolution  of  which  is  the  distinc- 
tive mark  of  a  nerve  centre.  The  central  extremities  of  the 
nerve  fibres  lie  in  relation  to,  and  are  often  directly  con- 
tinous  with,  the  nerve  cells.  It  was  at  one  time  thought 
that  nerve  cells  were  globular  in  form ;  but  it  is  now  gene- 
rally understood  that,  though  the  body  of  the  cell  is  not 
unfrequently  globular,  two  or  more  processes  or  poles 
project  from  it,  and  are  continuous  with  its  substance. 
Nerve  cells  are  distinctly  nucleated ;  the  nuclei  are  usually 
large,  and  contain  one,  and  often  two  nucleoli.  The  cell 
substance  is  gi-anular  and  fibrillated,  and  not  unfrequently 
brown  or  yellow  pigment  is  collected  around  the  nucleus. 
A  cell  wall  is  sometimes  apparently  present,  though  at  others 
it  cannot  be  demonstrated.  The  nerve  cells  in  the  grey 
matter  of  the  brain  and  spinal  cord  are  imbedded  in  the 
neuroglia.  In  the  smaUer  nerve  centres,  as  the  sympathetic 
ganglia  and  the  gangha  on  the  posterior  roots  of  the 
spinal  nerves,  the  nerve  cells  are  surrounded  by  a  capsule 
of  connective  tissue.  Frantzel,  Kolliker,  and  others,  have 
described  this  capsule  as  lined  by  an  endothelium  fonned 

of  flattened  cells. 

Nerve  cells  from  which  two  poles  or  processes  proceed 
are  caUed  Upolar.  Characteristic  specimens  of  these  ceUs, 
as  was  first  pointed  out  by  Robin  and  E.  Wagner,  may  be 
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recognised  without  difficulty  in  the  ganglia  on  the  posterior 
roots  of  the  spinal  nerves  of  fishes,  and  it  is  probable  that 
similar  cells  exist  in  the  corresponding 
centres  in  other  vertebrates.  These  cells 
usually  possess  a  globular  body,  though 
sometimes  it  may  be  elongated;  and  from 
opposite  points  of  the  surface  of  the  body 
a  strong  process  is  given  off,  which  is 
du-ectly  continued  into  a  nerve  fibre. 
The  axial  cylinder  of  the  fibre  is  con- 
tinuous with  the  cell  substance,  and 
Schultze  has  shown  that  both  exhibit  a 
delicate  fibriUated  structure.    The  medul-  T!i„„i. , 

riG.  65.  —  Bipolar 

lary  sheath  and  the  primitive  membrane   SeJ^e  °  fito'^^'cr- 
are  also  usuaUy  continued  from  the  fibre  ^iT^pinll'^anS 
over  the  nerve  cell    Hence  these  bipolar  ^ 
cells  seem  to  be,  as  Schultze  expressed  it,  nucleated 
enlargements  of  the  axial  cylinder. 

A  remarkable  modification  of  the  bipolar  nerve  cell, 
carefully  studied  and  described  by  Lionel  Beale,  is  found 
in  the  sympathetic  ganglia  of  the  frog.  The  cells  are 
pear-shaped,  and  from  the  narrow  end  of  the  pear  two 
nerve  fibres  arise,  one  of  which,  called  the  straight  fibre, 
forms,  as  it  were,  the  stalk  of  the  pear ;  whilst  the  other, 
or  spiral  fibre,  winds  spirally  round  the  straight  fibre,  and 
then  passes  away  from  the  cell  in  the  opposite  direction. 
Both  fibres  are  nucleated,  and  at  their  origin  consist, 
apparently,  of  axial  cylinder  substance  only ;  but  in  their 
course  they  may  acquire  both  a  meduUary  sheath  and  a 
primitive  membrane.  The  straight  fibre  passes  into  the 
interior  of  the  cell  substance,  and  Arnold  and  Courvoisier 
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believe  that  they  have  traced  it  into  the  nucleus ;  but  the 
spiral  fibre  apparently  arises  nearer  the  periphery  of  the 
cell.  The  pyriform  cells  are  invested  by 
a  distinct  capsule  of  connective  tissue. 
The  nerve  fibres  of  these  pyriform  cells, 
although  they  both  arise  close  together 
from  one  end  of  the  cell,  represent  its 
poles.  Should  one  of  the  poles,  either 
in  this,  or  in  the  bipolar  form  of  nerve 
cell  described  in  the  preceding  paragraph, 
be  from  any  cause  removed  or  not  de- 
veloped, then  the  cell  would  be  unipolar  ; 
and  if  both  poles  were  absent  it  would 
be  apolar. 

FIG.  66.- pyriform  ^^^^^  locaUties,  as  in  the  sympa- 
"tra'ightrrleflDr'eithetic  gangHa  of  man  and  many  other 
fibrerc,'  caps^nie  of  Vertebrates,  and  in  the  several  subdivisions 

connective  tissue    ~  ^  •     i  „„4„  +V.r> 

around  nerve  cell,  of  the  cerebro-spmal  nervous  axis,  tne 
(Afiet  Beau.)        jjgrve  ceUs  have  more  than  two  poles 
or  processes  projecting  from  them.     Cells  of  this  kind 
are  called  multipolar,  and  in  many  locahties  they  pre- 
sent characteristic  forms.    In  the  grey 
matter  of  the  spinal  cord,  more  especially 
in  its  anterior  horn,  they  give  rise  to 
numerous  processes,  and  have  a  stellate  or 
radiate  form  (Fig.  68).  In  the  grey  matter 
on  the  surface  of  the  convolutions  of  the 
^^romlumars\^^  cerebrum  they  are  pyramidal  in  shape; 
caps^e'T^'connec:  the  apex  is  directed  to  the  surface  of  the 
tM^-  convolution,  the  base  towards  the  white 

matter  (Fig.  92) ;  the  processes  arise  from  the  base,  apex, 
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and  sides  of  the  pyramid.  In  the  grey  matter  on  the  surface 
of  the  cerebellum  the  body  of  the  cell  is  almost  globular ; 
from  that  aspect  of  the  cell  which  is  directed  towards  the 
white  matter  a  slender  central  process  arises;  from  the 
opposite  or  peripheral  aspect  of  the  cell  two  strong,  antler- 
like branching  processes 
extend  for  a  considerable 
distance  (Fig.  82).  In  the 
human  sjrmpathetic  gan- 
glia, again,  the  stellate 
form  of  ceU  prevails,  and 
the  existence  of  a  cap- 
sule of  connective  tissue 
around  the  individual 
cells  can  be  recognised 
(Fig.  67).  The  processes 
which  arise  from  a  multi- 
polar nerve  cell,  as  a 
nde,   divide    and  sub- 

FiG.  68. — Multipolar  cell  from  the  grey  matter 
divide  as  they  pass  awav    °'  anterior  cmnu  in  the  spinal  cord.    A  C, 
•'  non-hranchedaxial-cylinderprocess  directly 

from  the  body  of  the  cell,    continuous  mth  a  nerve  fihre. 

unto,  at  last  they  give  rise  to  branches  of  extreme 
tenuity.  These  branching  processes  apparently  consist 
exclusively  of  cell  protoplasm,  and  have  been  called 
protoplasm  processes.  Gerlach  has  described  the  proto- 
plasm processes  of  the  multipolar  nerve  ceUs  of  the  brain 
and  spinal  cord  as  forming  an  excessively  minute  network, 
from  which  minute  medullated  nerve  fibres  arise;  and  F. 
BoU  conceives  that  a  similar  arrangement  occurs  in  the 
ceUs  of  the  cerebellum.  One,  at  least,  of  the  processes  of  a 
multipolar  nerve  cell  does  not  branch,  but  becomes  directly 
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continuous  with,  a  nerve  fibre,  and  has  been  named  the  axial- 
cylinder  process  (Fig.  68).  This  process  was  first  recog- 
nised by  Deiters  in  the  cells  of  the  spinal  cord ;  but  HadUch 
and  Koschennikoff  have  since  described  the  central  process 
of  the  cells  of  the  cerebellum  as  continuous  with  a  medullated 
nerve  fibre;  and  the  latter  observer  has  pointed  out,  that 
from  the  base  of  a  pyramidal  nerve  cell  in  a  cerebral  con- 
volution a  process  may  be  traced  directly  into  a  nerve  fibre. 
Hence  it  would  appear  that  the  multipolar  nerve  cells  may 
have  two  modes  of  union  with  nerve  fibres — one  directly 
through  the  passage  of  the  non-branched  axial-cylinder  pro- 
cess into  a  fibre,  the  other  through  the  origin  of  fibres  from 
the  minute  network  in  which  the  branched  protoplasm 
processes  terminate.  The  branched  processes  of  adjacent 
nerve  cells  may  also  blend  with  each  other,  so  as  to  form 
an  anastomosing  cell  network,  though  these  anastomoses 
are,  in  all  probability,  not  so  frequent  as  was  at  one  time 
supposed.  Schultze  has  pointed  out  that  not  only 'the 
protoplasm  substance  of  the  body  of  a  multipolar  nerve 
cell,  but  both  the  non-branched  and  branched  processes, 
possess  a  fibrillated  structure  similar  to  that  described  by 
him  in  the  axial  cylinder  of  the  nerve  fibres. 

Peripheral  Und-Organs  or  U7id  Bodies. — Nerve  fibres  at 
their  peripheral  extremities  terminate  in  connection  with 
peculiar  structures,  named  end-hodies,  terminal  bodies,  or  peri- 
pheral end-organs,  which  are  situated  in  the  several  organs  of 
the  body.  The  motor  nerves  end  in  the  voluntary  and  in- 
voluntary muscles;  the  vaso-motor  nerves  end  in  the  mus- 
cular coat  of  the  blood-vessels;  the  sensory  nerves  end  in 
the  skin,  mucous  membranes,  and  organs  of  special  sense; 
and  it  is  probable  that  secretory  nerves  terminate  in  con- 
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nection  with  the  iiltimate  cell  elements  of  the  secreting 
glands.  The  end-organs,  connected  with  the  terminations 
of  the  nerves  in  these  textures,  possess  certain  structural 
peculiarities,  which  are  by  no  means  uniform  in  the 
different  parts,  so  that  the  end-body  connected  with  the 
peripheral  termination  of  a  nerve  is  distinctive  of  the  organ 
in  which  it  is  situated.  It  will  be  a  matter  of  convenience 
to  defer  the  consideration  of  the  peripheral  end-bodies  in 
the  skin,  organs  of  special  sense,  and  the  several  glands, 
until  these  parts  are  described.  In  this  chapter  the  mode 
of  termination  of  the  motor  nerves  in  the  voluntary  and 
involuntary  muscles,  of  the  sensory  nerves  in  the  mucous 
membranes,  and  of  the  ending  of  the  nerves  in  the  remark- 
able bodies  named  Pacinian  corpuscles,  will  alone  be 
examined. 

After  a  nerve  has  entered  a  voluntary  muscle  it  ramifies 
in  the  connective  tissue,  which  lies  between  the  fasciculi, 
and  at  the  same  time  divides  and  subdivides  into  smaller 
branches.  These  branches  interlace  with  each  other  and 
form  plexuses,  from  which  slender  nervous  twigs,  often 
consisting  of  only  a  single  meduUated  nerve  fibre,  pro- 
ceed, which  ramify  in  the  connective  tissue,  separating  the 
individual  muscular  fibres  from  each  other.  The  single 
nerve  fibres  in  their  turn  branch,  accompanied  by  a 
splitting  of  the  axial  cylinder,  and  these  branches  usually 
lose  the  medullated  character.  The  mode  of  termination 
of  these  very  delicate  branches  has  been  a  subject  of  much 
dispute.  Beale  described  them  as  forming  a  minute  net- 
work, situated  on  the  exterior  of  the  sarcolemma,  but  in 
contact  with  it,  and  the  fibres  of  this  nervous  network  were 
distinctly  nucleated.     Other  observers  have,  however, 
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described  peculiar  bodies,  called  motorial  end-2:)lates,  at 
the  extremity  of  these  nerves.  These  end-plates  consist 
of  a  clump  of  richly  nucleated  protoplasm,  somewhat  oval 
or  perhaps  irregular  in  form,  into  which  the  axial  cylinder 
of  the  nerve  fibre  penetrates.  The  exact  position  of  these 
end-plates  in  relation  to  the  muscular  fibres  is  difficult  to 
determine.  Krause  holds  that  they  lie  outside  the  sarco- 
lemma,  but  adherent  to  it;  whilst  Kiihne,  Margo,  and 
Rouget  maintain  that  the  end-plate  lies  within  the  sarco- 
lemma,  and  that  the  nerve  fibre  has  to  pierce  that  mem- 
brane before  it  can  enter  the  end-plate.  After  the  axial 
cylinder  has  entered  the  end-plate  it  subdivides  into  very 
minute  branches.  Each  muscular  fibre  has  apparently 
only  a  single  end-plate,  and  consequently  only  a  single 
nerve  axial  cylinder  in  connection  with  it. 

In  the  non-striped  muscles  the  nerves  are  distributed  in 
the  connective  tissue  which  separates  the  fasciculi  from 
each  other.    Here  they  form  plexuses,  which,  as  was  shown 
by  Beale,  in  the  coats  of  the  arteries,  in  the  myenteric 
plexus  of  Auerbach,  in  the  muscular  coat  of  the  intestines, 
in  the  muscular  coat  of  the  bladder  and  elsewhere,  have 
collections  of  nerve  cells,  forming  microscopic  ganglia  lying 
in  them.   From  these  plexuses  fibres  arise  which  subdivide 
iato  delicate  non-meduUated  fibres  possessing  nuclei.  These 
delicate  fibres  form  still  finer  plexuses,  which  in  their  turn 
give  origin  to  minute  fibres,  which  pass  between  the 
muscular  fibre  cells  to  form  a  still  more  minute  intra- 
muscular network,     Frankenhauser  maintains  that  the 
delicate  nerve  fibrils  which  arise  from  this  terminal  network 
penetrate  the  muscular  fibre  cells,  enter  the  nucleus,  and 
terminate  in  the  nucleolus;  but  Arnold  considers  that,  after 
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having  entered  the  nucleus,  the  fibril  again  gives  off  a 
filament,  which  passes  out  of  the  cell  to  join  the  intra- 
muscular plexus;  the  ending  of  the  nerve,  therefore,  within 
the  nucleus  is  only  apparent,  and  is  rather  to  be  regarded 
as  the  nodal  point  of  a  fine  intra-nuclear  plexus. 

The  termination  of  the  sensory  nerves  in  the  mucous  mem- 
branes has  been  especially  studied  in  the  conjunctiva,  the 
mucous  membrane  of  the  soft  palate,  and  the  glans  of  the 
penis  and  clitoris.  In  these  parts  Krause  discovered  oval  or 
globular  end-bodies,  which  consisted  of  a  soft,  homogeneous 
substance  invested  by  a  nucleated  capsule  of  connective 
tissue.  A  nerve  fibre  pierces  the  capsrde  and  terminates  in 
the  interior  of  the  end-body,  which  forms  a  bulbous  enlarge- 
ment at  the  end  of  the  nerve,  and  is  called  the  end-bulb. 
After  the  nerve  has  entered  the  end-bulb,  it  may  consist 
only  of  the  axial  cylinder  and  terminate  in  a  pointed 
extremity,  or  it  may  twist  upon  itself  and  form  a  coil 
within  the  end-bulb.  When  the  structure  of  the  skin  is 
described,  it  will  be  seen  that  the  ending  of  the  nerves  in 
the  cutaneous  papillas  bears  a  general  resemblance  to 
their  termination  in  the  end-bulbs  of  a  mucous  membrane. 

In  certain  of  the  mucous  membranes  delicate  nerves 
have  been  traced  into  the  layer  of  epithelium,  situated  on 
the  free  surface  of  the  membrane.  Petermoller  described 
nerve  fibres  continuous  with  the  nerves  of  the  cornea  pass- 
ing into  the  layer  of  conjunctival  epithelium  on  the  front 
of  the  cornea.  Klein  recognised  an  intra-epitheHal  nervous 
network  in  the  same  locality.  Chrschtschonovitsch  traced 
non  -  medullated  nerve  fibres  proceeding  from  a  sub- 
epithelial network  into  the  deeper  epithelial  layers  of  the 
vaginal  mucous  membrane,  and  similar  nerve  fibres  have 
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been  seen  by  Elin  to  end  in  the  epitheKal  investment  of 
tbe  mucous  membrane  of  the  mouth. 

Connected  with  the  sensory  nerves  in  some  localities  are 
the  remarkable  bodies  named  the  Corpuscles  of  Pacini, 
which  were  the  first  terminal  organs  discovered  in  connec- 
tion with  the  peripheral  distribution  of  the  nerves.  These 
corpuscles  have  been  found  attached  to  the  nerves  which 
pass  to  the  skin  of  the  fingers  and  toes,  to  the  nerves 
which  supply  the  skin  of  the  neck  and  arm,  to  the  inter- 
costal nerves,  to  the  nerves  of  the  joints,  to  the  nerves  of 
the  periosteum,  to  the  nerves  of  the  genital  organs,  and 
to  the  mesenteric  nerves.  In  cats  they  are  often  extremely 
abundant  both  in  the  mesentery  and  omenta.  A  Pacinian 
corpuscle  can  be  seen  by  the  naked  eye,  and  looks  like  a 
minute  grain  from  -^th.  to  -^gth  inch  long.  It  is  elliptical 
in  form,  and  may  either  be  sessile  or  attached  to  the  nerve 
stem  by  a  slender  stalk.  Examined  microscopically,  it  is 
seen  to  consist  of  numerous  layers  of  connective  tissue 
concentrically  arranged,  which  form  its  capsule,  and 
surround  a  central  core  of  transparent  homogeneous  proto- 
plasm. Numerous  connective  tissue  corpuscles  may  be 
seen  in  the  concentric  layers,  and  Hoyer  has  recently  shown 
that  an  appearance  of  flat  endothelial-Like  cells  exists  on  the 
inner  surface  of  the  layers  of  the  capsule.  Entering  one 
pole  of  the  corpuscle  is  a  nerve  fibre  which  extends  along 
the  axial  core  for  a  considerable  distance,  and  usually  termi- 
nates in  a  slight  bulbous  enlargement.  .  The  nerve  fibre 
parts  with  its  perineurial  sheath  after  it  enters  the  Pacinian 
corpuscle;  and  as  it  Lies  in  the  core  it  loses  its  meduUary  sub- 
stance, so  that  its  terminal  part  consists  only  of  the  axial 
cyUnder.  Sometimes  the  nerve  fibre  divides  into  two  branches 
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within  the  corpuscle.  Capillary  blood-vessels  are  distributed 
to  the  concentric  layers  of  the  Pacinian  corpuscle. 

The  mode  of  origin  of  the  nervous  tissue  in  the  course 
of  development  of  the  embryo  is  stiU.  involved  in  some 
obscurity.   It  has,  however,  been  ascertained  that  the  cells, 
both  of  the  epiblast  and  mesoblast,  participate  in  its 
formation.     The  nerve  cells  of  the  brain  and  spinal 
cord,  and  the  nerve  fibres  also,  either  altogether  or  in 
great  part,  are  derived  from  the  ceEs  of  the  epiblast,  whilst 
the  distributory  nerves,  both  cranial  and  spinal  (except 
the  olfactory  bulb  and  peduncle  and  the  optic  nerve), 
the  ganglia  situated  on  these  nerves,  and  the  ganglia  and 
distributory  nerve  fibres'  of  the  sympathetic  system,  are 
differentiations  of  the  cells  of  the  mesoblast.    The  embryo 
cells  multiply  by  division,  and  possess  at  first  a  rounded 
form.    They  then  assume  characteristically  granular  and 
finely  fibrillated  contents,  and  processes  or  poles  appear 
at  the  periphery  of  the  cells,  which,  according  to  the 
observations  of  Beale,  connect  adjacent  cells  together. 
As  the  growth  of  the  part  goes  on,  the  cells  are  more 
widely  separated  from  each  other,  and  the  anastomosing 
processes  in  consequence  become  "considerably  elongated, 
and  form  the  axial  cylinder  of  the  nerve  fibre.   In  the  course 
of  time  the  medullary  sheath  and  the  primitive  membrane 
may  form  around  this  axial  cylinder  so  as  to  insulate  it. 
The  exact  mode  of  formation  of  the  medullary  sheath  is 
not  properly  understood;  but  it  is  believed  that  the  primi- 
tive membrane,  and  the  perineurial  connective  tissue,  are 
derived  from  those  surrounding  embryonic  cells  which 
differentiate  into  connective  tissue.    Of  the  two  originaUy 
contioTious  cells  from  which  the  nerve  fibre  is,  as  it  were. 
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spun  out,  one,  according  to  Hensen,  may  form  a  cell  in  a 
nerve  centre,  the  other  may  differentiate  into  a  peripheral 
end-organ.  In  the  tail  of  the  tadpole  the  formation  and 
growth  of  nerve  fibres  have  been  studied  by  Kolliker, 
and  it  has  been  seen  that  the  terminal  part  of  a  fibre 
may  have  fusiform  or  tri-radiate  cells  connected  with 
it,  the  processes  of  vrhich  cells  gradually  differentiate  into 
nerve  fibres.  Others  again  maintain  that  elongation  of  the 
embryonic  cells,  destined  to  become  nerve  fibres,  takes 
place,  that  these  elongated  cells  join  end  to  end,  and  that 
in  this  manner  the  fibres  are  built  up.  The  young  cerebro- 
spinal nerve  fibres  are  distinctly  nucleated,  and  correspond 
in  appearance  and  structural  characters  to  the  non- 
medullated  nerve  fibres  of  the  adult. 

If  iu  a  young  or  adult  person  a  nerve  be  cut  across, 
its  conducting  power  is  destroyed;  but  after  a  time 
it  reunites,  and  its  function  is  restored.  The  part  of  the 
nerve  which  lies  between  the  place  of  section  and  its 
peripheral  extremity,  undergoes,  as  Waller  pointed  out, 
degenerative  changes.  To  how  great  an  extent  the  de- 
generation affects  the  various  constituents  of  each  fibre,  it 
is  difficult  to  determine;  for  whilst  some  experiments 
would  seem  to  show  that  only  the  medullaiy  sheath  broke 
up  into  granular  particles  and  was  absorbed,  in  others  both 
It  and  the  axial  cylinder  disappeared.  In  process  of  time, 
however,  these  parts  may  be  reproduced,  and  the  nerve 
then  recovers  its  functional  activity. 
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Descriptive  Anatomy  op  the  Ceeebro-spinal 
Nervous  System. 

In  this  section  the  anatomy  of  the  Brain  and  Spinal 
Cord,  and  of  the  numerous  distributory  Nerves  which  arise 
from  them,  wiU  be  described.  The  brain  and  spinal  cord 
are  the  largest  and  most  important  of  all  the  nerve  centres. 
They  occupy  the  cranial  cavity  and  spinal  canal,  and  are 
continuous  with  each  other  through  the  foramen  magnum 
in  the  occipital  bone.  As  the  arrangement  of  the  struc- 
tures which  compose  the  brain  and  spinal  cord  is  extremely 
complex,  and  as  the  names  applied  to  the  several  parts  are 
numerous  and  often  very  arbitrary,  it  may  be  well,  before 
commencing  a  detailed  description,  to  make  a  few  general 
observations  on  their  mode  of  development. 

Development  of  the  Cerebro-SpiTial  Nervous  Axis. — In  order  to 
comprehend  the  development  of  the  cerebro-spinal  nervous  axis, 
it  will  be  necessary  to  say  a  few  words  on  the  arrangement  of,  and 
early  changes  in  the  germinal  membrane  or  blastodenn  in  the  ovum 
^  of    the  vertebrata. 

This  membrane  con- 
sists of  three  layers 
of  cells,  the  outer, 
middle,  and  inner 
germinal  layers  of 
Eemak  and  many 
other  Gei-man  em- 
bryologists,  or  the 
Fio  70  —Transversevertical  section  through  the  epiblast,  mesoblast, 
biastocierm  of  a  chick  at  the  end  of  the  second  day.  hypoblast  of 

E,  epiWast;  M,  mesoWast;  H,  hypoblast.    C,the  •'i' 
cerebro-spinal  groove  closing  in  to  form  the  axial  or  Iduxley.      In  tnat 
central  canal;  rf,  d,  the  elevated  sides  of  the  gioove    ^    f  germinal 
or  dorsal  lamina;,  which  subsequently  blend  opposite  P'^' "  o 
a ;  ch,  chorda  dorsaUs.    {A/ier  Schenk.)  membrane  which  cor- 

responds to  the  back  of  the  future  embryo,  a  longitudinal  depres- 
sion in  the  epiblast  appears.  This  depression  gradually  deepens  and 
forms  a  groove,  the  dorsal,  neural,  or  cerebrospinal  gi-oove,  the 
sides  and  bottom  of  which  are  lined  by  the  layers  of  cells  (Fig.  70) 
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continuous  with,  and  derived  from  the  cells  of  the  epiblast.  The 
cells  of  the  mesoblast  below  and  at  the  sides  of  this  groove 
then  undergo  changes.  Those  immediately  below  the  groove  dif- 
ferentiate into  the  rod-like  chorda  dorsalis.  Those  situated  at 
the  sides  greatly  increase  in  numbers,  and  cause  the  sides  of  the 
groove  to  be  elevated  into  the  dorsal  or  neural  laminoe.  By  the 
continued  production  and  growth  of  the  mesoblast  cells,  placed 
at  the  sides  of  the  gi-oove,  which  subsequently  difi'erentiate  into  the 
primordial  vertebrae,  the  two  dorsal  laminae  come  in  contact,  the 
neural  groove  is  converted  into  a  neural,  or  axial,  or  central  canal, 
and  the  epiblast  cells  lining  it  become  cut  off  from  their  original  con- 
tinuity with  the  other  cells  of  the  epiblast  (Fig.  71),  which  remain 
as  the  outer  layer  or 

covering  of  the  em-  _r^s<sf!'*°'?')"^^^ 
bryo,  and  give  origin  ^-^^^t^^^^^^^^^^rj^^^^^^SJ?^^!?-^ 
to  the  epidermis. 
The  included  epiblast 
cells  form  the  walls 
of  a  cylindrifonn 
cerebro  -  spinal  tube 
(CS).  The  ajdal  canal 
becomes  the  central 
canal  of  the  cerebro- 
spinal nervous  axis ; 

the  layer  of  epiblast  FiG.71.-Tran8yerse  vertical  section  through  the  blasto- 
cells  next  the  canal     "^im  of  Bufo  cmereus.   C  S,  the  waU  of  the  cerebro- 

forms  it-?  PTiithpli-nl  T^f-  '"^i''  Y^'i?**  ^''^  ''^^  o^f  fro™  fie  super- 
lorms   Its    epitneiiai     flcial  epihlast,  E,  by  growth  of  the  mesoblast,  M 

Immg  ;    whilst    the  other  letters  as  in  fig.  70.    (After  Schmk.) 

layers  of  epiblast  cells  situated  peripherally  to  the  epithelial  layer  dif- 
ferentiate into  the  greater  part,  if  not  the  whole,  of  the  nervous  tissues 
of  the  brain  and  spinal  cord.  In  the  part  which  becomes  the  Spinal 
Cord  the  central  canal  persists  as  the  central  canal  of  the  spinal  cord, 
and  is  lined  by  a  layer  of  ciliated  cyHndrical  epithelium.  Out- 
side this  layer  is  formed  a  mass  of  grey  matter  containing  nerve 
cells,  which  are  undoubtedly  derived  from  the  epiblast  ceUs,  and 
this  grey  matter  subsequently  divides  into  two  lateral  crescent-shaped 
masses.  Outside  the  grey  matter  white  matter  is  produced,  which 
ultimately  becomes  arranged  in  the  form  of  longitudinal  columns 
nerve  fibres ;  it  is  as  yet  doubtful  if  the  columns  are  derived  from 
a  differentiation  of  the  epiblast,  or  from  those  mesoblast  cells  which 
immediately  surround  the  cerebro-spinal  tube.  With  the  fonnation 
and  growth  of  these  columns  and  of  the  internal  grey  matter,  a  longi- 
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tudinal  mesial  fissnre  appears  on  the  anterior,  and  another  on  th* 
posterior  surface  of  the  cord,  which  gradually  increase  in  depth  until 
the  cord  is  almost  completely  divided  into  two  lateral  halves.  At  the 
bottom  of  the  anterior  inedian  fissure  the  nerve  fibres  of  the  UTiterior 
commissure  are  developed,  and  at  the  bottom  of  the  posterior  median 
fissure  those  of  the  posterior  commissure.  These  commissuies  unite 
the  two  halves  of  the  cord  together. 

The  upper  or  cerebral  end  of  the  cerebro-spinal  tube  becomes 
the  Encephalon,  or  Brain,  which  organ  is  therefore  derived  from 
the  epiblast.  At  first  tlie  cerebral  part  of  the  tube  is  unifonn 
in  appearance  with  the  spinal  part,  but  it  soon  expands  into 
three  vesicular  dilatations  —  the  primary  cerebral  vesicles.  These 
vesicles,  named  (from  before  backwards)  anterior,  middle,  and 
posterior,  are  separated  from  each  other  by  constrictions,  and 
as  the  development  progresses  the  vesicles  bend  on  each  other  and 
on  the  upper  end  of  the  spinal  cord.  As  each  vesicle  is  an  expan- 
sion of  the  cerebro-spinal  tube,  it  is  necessarily  hollow,  and  the 
space  in  its  interior  is  continuous  with  the  central  canal  of  the 
spinal  cord.  In  the  walls  of  the  vesicles  the  nervous  stractures  are 
produced,  which  form  the  several  subdivisions  of  the  encei^halon. 

The  posterior  cerebral  vesicle  bends  first  foi-wards  from  the  upper 
end  of  the  spinal  cord,  and  then  backwards;  the  part  which 
bends  forward  becomes  the  medulla  oblongata;  that  which  bends 
backward  the  cercbelluvi,  whilst  the  pons  is  developed  at  the  angle 
where  these  two  parts  are  continuous  with  each  other ;  the  central 
hollow  fonns  the  central  canal  of  the  medulla  oblongata  and 
the  dilated  space  called  the  fourth  ventricle.  In  the  medulla 
oblongata  shallow  anterior  and  posterior  median  fmTows  then  appear 
continuous  with  those  in  the  cord,  and  each  lateral  half  differen- 
tiates into  grey  matter  and  into  a  longitudinal  arrangement  of  neiTe 
fibres  continuous  with  the  corresponding  structures  in  the  cord.  A 
large  proportion  of  these  fibres  is  continued  upwards  through  the 
pons  as  its  longitudinal  fibres.  The  cerebellum  consists  at  first  of 
a  central  lobe,  and  in  the  lower  vertebrates  its  development  does 
not  proceed  beyond  this  stage ;  but  in  mammals,  including  man, 
a  lateral  lobe  or  hemisphere  is  superadded  on  each  side,  and  with 
the  growth  of  these  lateral  lobes  numerous  transverse  fibres,  which 
connect  the  two  hemispheres  together,  are  developed  in  the  pons. 
The  cerebellum  is  also  connected  below  with  the  medulla  oblongata 
by  the  pair  of  restiform  bodies,  or  inferior  peduncles,  and  above 
with  the  corpora  quadrigemina  by  the  pair  of  superior  peduncles. 
The  middle  cerebral  vesicle  bends  forwards  from  the  posterior 


CEREBRO-SPINAL  NERVOUS  SYSTEM.  213 


vesicle.  In  its  roof  the  optic  lobes  are  foimed;  in  its  floor  the 
crura  cerch-i;  whilst  the  central  hollow  becomes  the  aqueduct  of 
Sylvius.  At  first  the  optic  lobes  form  a  single  structure,  but  about 
the  sixth  month  of  embryo  life  a  median  furrow  divides  this  struc- 
ture into  two  lateral  halves  (the  corpora  bigemina),  and  in  the 
lower  vertebrates  the  development  does  not  proceed  beyond  this 
stage ;  but  in  the  seventh  month  of  embryo  life  of  the  human  fcetus 
each  lateral  half  is  subdivided  into  two  by  a  transverse  fissure,  so 
that  four  bodies  (the  corpora,  quadrigemina)  are  produced.  The 
crura  cerebri  form  the  two  cerebral  peduncles,  which,  diverging 
from  each  other,  pass  upwards  to  the  hemisphere  of  the  cerebrum. 
They  consist  almost  entirely  of  nerve  fibres  continuous  with  the 
longitudinal  fibres  of  the  pons,  a  few  of  which  go  to  the  corpora 
quadrigemina,  but  the  greater  number  ascend  to  the  cerebral  hemi- 
spheres. 

The  anterior  cerebral  vesicle  bends  downwards  from  the  middle 
vesicle.  The  posterior  part  of  this  vesicle  is  at  first  a  simple  hollow 
sac,  but  subsequently  the  two  optic  thalami  form  in  its  wall, 
one  on  each  side  of  the  central  hollow,  which  hollow  becomes 
the  third  ventricle.  This  ventricle  is  prolonged  downwards  into 
a  funnel-shaped  process,  the  infundibulum,  which  is  connected 
with  the  'pituitary  body,  or  hypophysis  cerebri,  in  the  pituitaiy  fossa 
in  the  sphenoid  bone,  whilst  posteriorly  the  ventricle  is  continuous 
with  the  aqueduct  of  Sylvius.  In  its  upper  and  posterior  wall  the 
inneal  body,  or  epiphysis  cerebri,  is  developed,  and  from  this  body 
two  white  peduncles  ran  forwards  on  the  sides  of  the  optic  thalami. 
Immediately  below  these  peduncles  the  transverse  fibres  of  the 
posterior  commissure  are  developed,  which  pass  between  the  two 
optic  thalami.  The  anterior  wall  of  this  ventricle  is  closed  in  by 
the  lamina  cinerea  or  lamina  terminalis,  and  behind  it  are  fonned 
the  transverse  nerve  fibres  of  the  anterior  commissure,  and  the 
vertical  fibres  of  the  anterior  pillars  of  the  fornix.  These  fomi.x: 
fibres  pass  to  the  base  of  the  brain,  and  form  the  corpora  albicantia, 
prior  to  entering  the  optic  thalami.  The  posterior  part  of  the  anterior 
vesicle  gives  off  from  each  side  a  flask-shaped  prolongation,  the 
primary  optic  vesicle.  The  stem  of  the  prolongation,  at  first  hollow, 
becomes  solid,  and  forms  the  optic  nerve  and  tract,  whilst  the 
expanded  distal  end  forms  the  nervous  elements  of  the  rctitw,. 

The  antero-lateral  part  of  the  anterior  cerebral  vesicle  is  prolonged 
fonvard  as  two  hollow  processes,  the  hemisphere  vesicles,  which 
become  the  cerebral  hemispheres,  and  are  separated  from  each  other 
ny  a  median  longitudinal  fissure ;  whilst  the  hollow  in  the  interior 
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of  each  forms  tlie  lateral  ventricle.    In  the  floor  of  eacL.  hemispliere' 
vesicle  is  developed  a  large  grey  mass,  striated  with  bundles  of 
nerve  iibres,  the  corpus  striatum,  which  lies  immediately!  in  iront 
and  to  the  outer  side  of  the  optic  thalamus;  a  curved  band,  the 
taenia  semicircularis,  is  formed  along  the  junction  of  the  thalamus 
with  the  corpus  striatum,  and  at  the  inner  and  anterior  end  of  this 
band,  immediately  behind  the  anterior  pillara  of  the  fornix,  the 
two  lateral  ventricles  become  continuous  with  each  other  and  with 
the  third  ventricle  tlu'ough  the  foramen  of  Monro.    The  roof  and 
side  walls  of  each  hemisphere  vesicle  form  a  grey  expansion  or  mantle, 
which  is  at  fii'st  smooth,  but  subsequently  becomes  divided  into 
lobes  and  convolutions,  separated  from  each  other  by  iissm^s.  A 
deep  gap  or  iissure  now  appears  on  the  inner  wall  of  each  hemi- 
sphere vesicle,  and  is  bounded  above  by  a  longitudinal  band  of 
fibres,  which,  continuous  anteriorly  with  the  anterior  pillar  of  the 
fornix,  joins  its  feUow  in  the  middle  line  to  form  the  body  of  the 
fornix,  and  then  again  diverging  from  its  fellow  passes  backwards, 
downwards,  and  forwai-ds  as  the  jJosterior  -pillar  of  the  fornix  or  the 
t(B)via  hippocampi.    A  transverse  an-angement  of  fibres  then  forms 
in  each  hemisphere  vesicle,  above  the  plane  of  the  fornix,  which, 
reaching  the  mesial  plane,  joins  its  fellow,  connects  the  two  hemi- 
spheres together,  and  forms  the  corpus  callosum.    In  the  hinder 
part  this  corpus  rests  upon  the  upper  sm-face  of  the  fornix,  but  more 
anteriorly  it  lies  some  distance  above  the  fornix,  and  then  bends 
down  in  front  of  it.    Hence  thei-e  is  enclosed  between  the  fornix 
and  the  anteixi-inferior  part  of  the  corpus  callosum  two  thin  layers 
of  grey  matter,  one  belonging  to  the  inner  surface  of  each  hemisphere 
vesicle,  and  called  the  septum  luddum.    Between  these  two  layers 
is  a  narrow  space,  the  fifth  ventricle,  which,  unlike  the  other 
ventricles,  is  not  derived  from  the  cerebro-spinal  tube,  but  is  merely 
a  portion  of  the  longitudinal  median  fissure  shut  in  by  the  develop- 
ment of  the  corpus  callosum  and  fornix.    Each  hemisphere  vesicle 
also  gives  off'  from  its  anterior  part  a  hoUow  process,  which  expands 
in  front  into  a  bulbous  dilatation,  named  the  olfactory  bulb,  from 
which  the  nerves  of  smell  arise,  whilst  the  stalk  of  the  bulb  solidifies 
2,n(iiansis^e  olfactory  peduncle. 

Owing  to  the  great  development  of  the  mantle  of  the  hemisphere 
vesicles'in  the  human  brain,  and  the  size  and  complexity  of  the 
convolutions,  these  parts  of  the  hemispheres  grow  forward  so  as  to 
overiap  the  olfactory  bulbs  and  peduncles,  and  backward,  so  as  to 
conceal  not  only  the  corpora  striata  and  optic  thalami,  but  also  the 
corpora  quadrigemina,  crura  cerebri,  cerebellum,  pons,  and  meduUa 
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oHongata,  so  that  when  the  human  brain  is  looked  at  from  ahove, 
none  of  these  structures  can  be  seen.  It  is  only  when  the  brain  is 
turned  ov^er  and  its  base  exposed  that  the  medulla,  pons,  cerebellum, 
and  crura  are  visible ;  and  before  the  corpora  quadrigemina,  optic 
thalami,  and  corpora  striata  can  be  exposed,  portions  of  the  hemi- 
sphere substance  must  be  removed.  The  gi-eat  gro^vth  of  each  hemi- 
sphere vesicle  leads  also  to  a  great  expansion  of  its  central  hollow 
or  lateral  ventricle,  which  is  prolonged  forwards,  backwards,  and 
downwards  as  the  anterior,  posterior,  and  descending  cornua.  In  the 
descending  eomu  is  a  projection,  the  hippocampus  majm;  along  which 
the  tfenia  hippocampi  of  the  fornix  runs ;  in  the  posterior  cornu  is  a 
smaller  eminence,  the  hippocampus  minor;  and  at  the  junction  of 
these  two  comua  is  a  third  elevation,  the  eminentia  collateralis. 

Immediately  investing  the  spinal  cord  and  encephalon  a  vascular 
membrane,  the  pia  mater,  is  developed,  processes  from  which  dip 
into  the  fissures  between  the  two  halves  of  the  cord  and  between 
the  cerebral  convolutions .  A  broad  band,  the  velum  interpositv/m, 
which  possesses  two  margiaal  fiiuges,  the  choroid  plexuses,  is 
admitted  into  the  lateral  ventricle  through  the  gap  or  fissure  in 
the  inner  wall  of  each  hemisphere  vesicle.  This  fissure  is  bounded 
above  by  the  arch-shaped  fornix,  with  its  taenia  hippocampi.  When 
the  two  hemispheres  are  in  situ,,  and  the  two  halves  of  the  fornix  are 
joined  together  to  form  the  body  of  that  structure,  the  fissure,  with 
its  contained  velum  interpositum,  passes  across  the  mesial  plane 
from  one  hemisphere  to  the  other,  having  the  fornix  and  tasnise  for 
its  roof,  and  the  optic  thalami  and  corpora  quadrigemina  for  its  floor ; 
it  is  known  as  the  great  transverse  fissure  of  the  cerebrum. 

The  mesoblast  cells  which  constitute  the  proto-vertebrse  dif- 
ferentiate, not  only  into  the  structui-es  which  form  the  spinal 
column  and  the  muscle  plates,  from  which  the  epi-skeletal  muscles 
are  derived,  but  into  the  roots  of  the  spinal  nerves,  the  series  of 
ganglia  on  the  posterior  roots,  and  the  spinal  nerve-trunks  foi-med 
by  the  junction  of  the  anterior  and  posterior  roots.  As  the  walls  of 
the  body  and  the  limbs  acquire  a  definite  shape,  cerbain  of  their 
mesoblast  cells  differentiate  into  nerve  fibres,  which  become  con- 
tinuous with  the  spinal  nerve-trunks,  and  form  the  spinal  dis- . 
tributory  nerves.  The  cranial  nerves,  except  the  olfactoiy  bulb 
and  peduncle  and  the  optic  nerve,  arise  from  the  cells  of  the  meso- 
blast situated  at  the  sides  of  the  upper  or  cerebral  end  of  the  cerebro- 
spinal tube. 
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Membranes  of  Beaen  and  Spinal  Cord. 

The  brain  and  spinal  cord  are  invested  by  three  mem- 
branes or  meninges,  which  lie  between  them  and  the 
bones  that  form  the  walls  of  the  cranial  cavity  and  spinal 
canal.  The  membranes  are  named  dura  mater,  arachnoid 
mater,  and  pia  mater. 

Dura  mater. — The  most  external  membrane,  named 
dura  from  its  firmness,  consists  of  a  cranial  and  a  spinal 
division.  The  cranial  part  is  in  contact  with  the  inner 
table  of  the  cranial  bones,  and  is  adherent  along  the  lines 
of  the  sutures  and  to  the  margins  of  the  foramina,  which 
transmit  the  nerves,  more  especially  to  the  foramen  mag- 
num. It  forms,  therefore,  for  these  bones  an  internal 
periosteum,  and  the  meningeal  arteries  which  ramify  in  it 
are  the  nutrient  arteries  of  the  inner  table.  As  the  growth 
of  bone  is  more  active  in  infancy  and  youth  than  in  the 
adult,  the  adhesion  between  the  dura  mater  and  the  cranial 
bones  is  greater  in  early  life  than  at  maturity.  From  the 
inner  surface  of  the  dura  mater  strong  flattened  bands  pass 
into  the  cranial  cavity,  and  form  partitions  between  certain 
of  the  divisions  of  the  brain.  A  vertical  longitudinal  mesial 
band,  named,  from  its  sickle  shape,  falx  cerebri,  dips  between 
the  two  hemispheres  of  the  cerebrum.  A  smaller  sickle- 
shaped  vertical  mesial  band,  the  falx  cerebelli,  attached  to 
the  internal  occipital  crest,  passes  between  the  two  hemi- 
spheres of  the  cerebellum.  A  large  band  arches  forward 
in  the  horizontal  plane  of  the  cavity,  from  the  transverse 
groove  in  the  occipital  bone  to  the  cUnoid  processes  of  the 
sphenoid,  and  is  attached  laterally  to  the  upper  border 
of  the  petrous  part  of  each  temporal  bone.    It  separates 
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the  cerebrum  from  the  cerebellum,  and,  as  it  forms  a  tent- 
like covering  for  the  latter,  is  named  tentorium  cerebelli. 

Along  certain  lines  the  cranial  dura  mater  spHts  into  two 
layers,  to  form  tubular  passages  for  the  transmission  of 
renous  blood.  These  passages  are  named  the  venous  blood 
sinuses  of  the  dura  mater,  and  they  are  lodged  in  the  grooves 
on  the  inner  surface  of  the  skull  referred  to  in  the  descrip- 
tion of  the  cranial  bones.    Opening  into  these  sinuses  are 


Fio.  72.— Dnra  mater  and  cranial  sinuses.  1,  Falx  cerebri :  2,  tentorium  •  3  3 
supenorlongitudinal  sinus;  4,  lateral  sinus;  5,  internal  jug1uarvei^n,' ocdl 
Gal  raWfin"™'^''-  "^■■"f^i"'  7,  Inferior'lonKitudiial  sinus;  8, 'veins  of 
cirrnW  ,inn»  1\?«P''"°''  ""'^  P^''"^'''  ^'""S'       cavernous  sinus ;  V2, 

Sic  vpTn  f,  n™^^'';^''°""'l'='f,  cavernous  sinuses  together ;  13,  ophthal- 

mic vein,  from  15,  the  eyebaU  ;  14,  crista  gaUi  of  ethmoid  bone. 

numerous  veins,  which  convey  from  the  brain  the  blood, 
that  has  been  circulating  through  it;  and  two  of  these 
sinuses,  called  cavernous,  which  lie  at  the  sides  of  the  body 
of  the  sphenoid  bone,  receive  the  ophthalmic  veins  from 
the  eyeballs  situated  in  the  orbital  cavities.    These  blood 
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sinuses  pass  usually  from  before  ^backwards :  a  superior' 
longitudinal  along  the  upper  border  of  the  f alx  cerebri,  from 
the  crista  gaUi  to  the  internal  occipital  protuberance;  an 
inferior  longitudinal  along  its  lower  border  as  far  as  the  tento- 
rium, where  it  joins  the  straight  sinus,  which  passes  back  as 
far  as  the  same  protuberance.    One  or  two  small  occiintal 
sinuses,  which  lie  in  the  falx  cerebeUi,  also  pass  to  join  the 
straight  and  longitudinal  sinuses  opposite  this  protuberance ; 
several  currents  of  blood  meet,  therefore,  at  this  spot,  and 
as  Herophilus  supposed  that  a  sort  of  whirlpool  was 
formed  in  the  blood,  the  name  torcidar  Eerophili  has 
been  used  to  express  the  meeting  of  these  sinuses.  Prom 
the  torcular  the  blood  is  drained  away  by  two  large 
sinuses,  named  lateral,  which  curve  forwards  and  down- 
wards to  the  jugular  foramina  to  terminate  in  the  internal 
jugular  veins.    In  its  course  each  lateral  sinus  receives  two 
petrosal  sinuses,  a  superior  and  an  inferior,  which  pass  from 
the  cavernous  sinus  backwards  along  the  upper  and  lower 
borders  of  the  petrous  part  of  the  temporal  bone. 

The  spinal  part  of  the  dura  mater  hangs  loosely  in  the 
spinal  canal,  and  forms  a  tubular  investment  for  the  spinal 
cord.  It  does  not  serve  as  a  periosteum  for  the  vertebrae, 
which  possess  a  distinct  periosteal  covering,  between  which 
and  the  dura  mater  loose  fat  and  a  plexus  of  veins  are 
situated.  It  gives  off  no  bands  from  its  inner  surface,  and 
it  does  not  split  into  two  layers  for  the  lodgment  of  venous 
blood  sinuses.  The  spinal  dura  mater  forms  a  tubular  enve- 
lope for  the  spinal  cord  and  the  origins  of  the  spinal  nerves. 
It  extends  from  the  foramen  magnum,  where  it  is  con- 
tinuous with  the  cranial  dura  mater,  to  the  lower  end  of  the 
sacral  canal,  ends  below  in  a  funnel-shaped  prolongation,  and 
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is  pierced  laterally  by  the  roots  of  the  several  spinal  nerves 
in  their  passage  outwards  to  the  intervertebral  foramina. 

Both  the  cranial  and  the  spinal  parts  of  the  dura  mater 
consist  of  a  tough,  fibrous  membrane  containing  numerous 
elastic  fibres;  somewhat  flocculent  externally,  but  smooth, 
ghstening,  and  free  on  its  inner  surface.  The  inner  sur- 
face has  the  appearance  of  a  serous  membrane,  and  when 
examined  microscopically  is  seen  to  be  covered  by  a  layer 
of  squamous  endothelial  cells,  similar  to  those  drawn  in 
fig.  34.  Hence  the  dura  mater  is  sometimes  called  a  fibro- 
serous  membrane.  The  dura  mater  is  well  provided  with 
lymph  vessels,  which  in  all  probability  open  by  stomata  on 
the  free  inner  surface.  Nerves  have  been  traced  to  the 
cranial  dura  mater  both  from  the  fifth  cranial  nerve  and 
the  sympathetic.  Between  the  dura  mater  and  the  arach- 
noid membrane  is  a  fine  space  containing  a  mimite  quan- 
tity of  limpid  serum,  which  moistens  the  smooth  inner 
surface  of  the  dura  and  the  corresponding  smooth  outer 
surface  of  the  arachnoid.  It  is  regarded  as  equivalent 
to  the  cavity  of  a  serous  membrane,  and  is  named  the 
arachnoid  cavity,  or,  more  appropriately,  the  suh-dural 
space. 

Arachnoid  mater. — The  arachnoid  is  a  membrane  of 
great  delicacy  and  transparency,  which  envelopes  both 
the  brain  and  spinal  cord.  It  is  separated  from  these 
organs  by  the  pia  mater;  but  between  it  and  the  latter 
membrane  is  a  distinct  space,  called  sub-arachnoid.  The 
sub-arachnoid  space  is  more  distinctly  marked  beneath  the 
spinal  than  beneath  the  cerebral  parts  of  the  arachnoid, 
which  membrane  forms  a  looser  investment  for  the  cord 
than  for  the  brain.    At  the  base  of  the  brain,  and  oppo- 
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site  the  fissures  between  the  convolutions  of  the  cerebrum, 
the  interval  between  the  arachnoid  and  the  pia  matter  can, 
however,  always  be  seen,  for  the  arachnoid  does  not,  like 
the  pia  mater,  clothe  the  sides  of  the  fissures,  but  passes 
directly  across  between  the  summits  of  adjacent  convolu- 
tions.   The  sub-arachnoid  space  is  divided  into  numerous 
freely-communicating  loculi  by  fasciculi  of  delicate  areolar 
tissue,  which  bundles  are  invested,  as  Key  and  Retzius  have 
shown,  by  a  layer  of  fiat  eudothelial-like  cells.  Beneath 
the  layers  of  fiat  cells  fibres,  resembUng  those  of  elastic 
tissue,  are  rolled  in  an  angular  or  spiral  manner  around 
the  fasciculi.    The  space  contains  a  limpid  cerebro-spinal 
fluid,  which  varies  in  quantity  from  2  drachms  to  2  ounces. 
The  fluid  is  alkaline,  of  sp.  gr.  1-00.5,  contains  a  little 
albumen,  and  a  substance  which,  as  I  pointed  out  some 
years  ago,  reduces  blue  oxide  of  copper  to  the  state  of 
yeUow  sub-oxide.    The  arachnoid  membrane  is  made  up 
of  delicate  connective  tissue.    The  free  surface  next  the 
sub-dural  space  is  smooth,  like  a  serous  membrane,  and 
covered  by  a  layer  of  squamous  endotheUum.    This  layer 
is  reflected  on  to  the  roots  of  the  spinal  and  cranial  nerves, 
and,  when  they  pierce  the  dura  mater,  it  becomes  con- 
tinuous with  the  endothelial  lining  of  that  membrane. 
As  the  arrangement  and  structure  so  closely  correspond 
with  what  is  seen  in  the  serous  membranes,  many  anato- 
mists regard  the  arachnoid  as  the  visceral  layer  of  a  serous 
membrane,  and  the  endothelial  lining  of  the  dura  mater  as 
the  parietal  layer,  whilst  the  sub-dural  space  is  the  inter- 
mediate cavity. 

When  the  skull  cap  is  removed,  clusters  of  granular 
bodies  are  usually  to  be  seen  imbedded  in  the  dura  mater 
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on  each  side  of  the  superior  longitudinal  sinus;  these  are 
named  the  Pacchionian  bodies.  When  traced  through  the 
dura  mater  they  are  found  to  spring  from  the  visceral  or 
proper  cerebral  arachnoid.  The  observations  of  Luschka 
and  Cleland  have  proved  that  villous  processes  invariably 
grow  from  the  free  surface  of  that  membrane,  and  that  when 
these  villi  greatly  increase  in  size  they  form  the  bodies 
in  question.  Sometimes  the  Pacchionian  bodies  greatly 
hypertrophy,  occasion  absorption  of  the  bones  of  the  cranial 
vault,  and  depressions  on  the  upper  surface  of  the  brain, 

Pia  mater. — This  tender  membrane  closely  invests  the 
whole  outer  surface  of  the  braia.  It  dips  into  the  fissures 
between  the  convolutions,  and  a  wide  prolongation, 
named  velum  interpositum,  passes  into  the  interior  of  the 
cerebrum.  With  a  little  care  it  can  be  stripped  off  the 
braia  without  causing  injury  to  its  substance.  The  pia 
mater  invests  the  spinal  cord,  and  is  more  intimately 
attached  to  it  than  to  the  brain,  for  not  only  does  it  send 
prolongations  into  the  anterior  and  posterior  fissures  of  the 
cord,  but  numerous  slender  bands  pass  from  its  inner 
surface  into  the  columns  of  the  cord.  Hence  it  cannot  be 
stripped  off  the  cord  without  causing  injury  to  its  sub- 
stance. The  pia  matter  is  prolonged  on  to  the  roots  both  of 
the  cranial  and  spinal  nerves,  and  on  to  the  filum  terminale. 
This  membrane  consists  of  a  delicate  connective  tissue,  in 
which  the  arteries  of  the  brain  and  spinal  cord  ramify  and 
subdivide  into  small  branches  before  they  penetrate  the 
nervous  substance,  and  in  which  the  veins  conveying  the 
blood  from  the  nerve  centres  lie  before  they  open  into  the 
blood  sinuses  of  the  cranial  dura  mater,  and  into  the  extra- 
dural venous  plexus  of  the  spinal  canal.    The  arteries 
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which  pass  from  the  pia  mater  into  the  brain  and  spinal 
cord  are  invested  by  a  loose  funnel-shaped  sheath,  which 
has  been  described  as  forming  the  wall  of  a  peri-vascular 
lymphatic  vessel;  but  Key  and  Eetzius  consider  that 
the  space  between  the  blood-vessel  and  the  sheath  opens 
into  the  sub-arachnoid  space,  and  contains  cerebro-spinal 
fluid.  They  believe  that  they  have  proved  that  the  sub- 
arachnoid cerebro-spinal  spaces  are  in  free  communication 
with  the  serous  and  lymphatic  spaces  of  the  organs  of 
sense,  and  that  through  the  entire  peripheral  nervous 
system,  even  to  its  furthest  ramifications,  a  serous  system 
exists,  which  along  the  nerve  roots  is  in  free  communica- 
tion with  the  central  sub-arachnoid  spaces.  They  also 
describe  the  ventricles  of  the  brain  as  in  communication 
with  the  sub-arachnoid  spaces.  A  network  of  lymph 
vessels  ramifies  freely  in  the  pia  mater.  It  is  also  well 
provided  with  nerves,  which  arise  from  the  posterior  roots 
of  the  spinal  nerves,  from  some  of  the  cranial  nerves,  and 
from  the  carotid  and  vertebral  plexuses  of  the  sympathetic. 
The  epi-cerebral  and  epi-spinal  spaces  described  by  His  as 
existing  between  the  pia  mater  and  the  brain  and  spinal 
cord  are  in  all  probability  artificial  productions. 

In  the  spinal  canal  a  slender  fibrous  band  projects  from 
the  pia  mater  covering  the  side  of  the  cord,  and,  pushing 
the  arachnoid  membrane  ia  front  of  it,  is  attached  by 
about  twenty-two  pairs  of  denticulated  processes  to  the 
inner  surface  of  the  dura  mater.  It  is  named  Ugamentum 
denticulatum,  and  its  teeth  alternate  with  the  successive 
pairs  of  spinal  nerves. 
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Spinal  Coed. 

The  Medulla  Spinalis,  or  Spinal  Coed,  occupies  the 
spinal  caual,  and  extends  from  the  foramen  magnum  to 
opposite  the  body  of  the  first  lumbar  vertebra.  In  thei 
early  foetus  it  equals  in  length  the  canal  itself ;  but  as 
the  spinal  column  grows  at  a  greater  proportional  rate 
than  the  cord,  the  latter,  when  growth  has  ceased,  is 
several  inches  shorter  than  the  column.  The  cord  is 
continuous  above  with  the  medulla  oblongata,  whilst  it 
tapers  off  below  into  a  slender  thread,  the  filum  terminale, 
which  lies  in  the  axis  of  the  sacral  canal,  and  is  attached 
below  to  the  back  of  the  coccyx,  or  to  the  fibrous  mem- 
brane which  closes  in  below  the  sacral  canal.  The  length 
of  the  cord  is  from  16  to  18  inches.  It  approaches  a 
cylinder  in  shape,  but  is  flattened  on  its  anterior  and  pos- 
terior surfaces,  and  presents  two  enlargements  which  have 
a  greater  girth  than  the  rest  of  the  cord.  The  upper, 
called  the  cervical  or  brachial  enlargement,  extends  from 
opposite  the  third  cervical  to  the  first  dorsal  vertebra,  and 
from  it  arise  the  nerves  which  supply  the  upper  limbs ;  the 
lower,  caUed  the  crural  or  lumbar  enlargement,  is  opposite 
the  last  dorsal  vertebra,  and  supplies  with  nerves  the 
lower  limbs. 

The  cord  is  almost  completely  divided  into  right  and 
left  lateral  halves  by  two  fissures,  named  respectively 
anterior  and  posterior  median  fissures,  which  do  not 
quite  reach  the  centre  of  the  cord,  for  at  the  bottom  of 
the  anterior  fissure  are  the  transverse  fibres  of  the  anterior 
•white  commissure,  and  at  the  bottom  of  the  posterior  fissure 
the  fibres  of  the  posterior  grey  commissure.    By  these  com- 
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missures  the  two  halves  of  the  cord  are  united  together. 
The  fibres  of  the  posterior  commissure  surround  a  canal, 
called  the  central  canal,  which  extends  along  the  whole 
length  of  the  cord,  and  even  passes  into  the  upper  end  of 
the  filum  terminale.  This  canal  is  lined  by  a  cUiated 
columnar  epithelium,  and  expands  superiorly  into  the 
cavity  of  the  fourth  ventricle.  The  attached  ends  of  these 
columnar  cells  are  elongated,  and  project  into  the  neuroglia 
of  the  posterior  commissure  which  surrounds  the  canal. 
Each  lateral  haK  of  the  cord  is  subdivided  into  three 
columns  by  two  depressions,  which  mark  the  points  of 

emergence  of  the 
roots  of  the  spinal 
nerves.  The  an- 
terior nerve  roots 
pass  through  the 
antero- lateral  de- 
pression or  fissure, 
and  between  it  and 
the  antero-median 
fissure  is  the  an- 

,  terior   column  of 
Fig  73.— Transverse  section  through  the  spmal  cord. 

AF,  antero-raedian,  and  PF,  postero-median  fissures ;  ^J^g  cOrd.  The  pOS- 
PC  posterior,  LC,  lateral,  and  AC,  anterior  columns; 

Ar!  anterior,  and  PR,  posterior  nerve  roots;  C,+  -  nerve  rOOtS 
central  canal  of  cord,  with  its  columnar  epithelial 

lining.   The  pia  mater  is  shown  investiuK  the  cord,  thrOUffh  the 

sendinK  processes  into  the  anterior  and  postennr  P<ib»  Luiuugii 
fissures,  as  well  as  delicate  prolongations  into  the  ^„^4pj.oJr,teral  fi^- 
columns.   The  crescentic  anangement  of  the  grey  pOSierO  lUieruo  ./w 
matter  is  shown  by  the  darker  shaded  portion.         ^^^^^  between 

it  and  the  postero-median  fissure  is  the  posterior  column, 
whilst  between  the  anterior  and  posterior  nerve  roots  lies 
the  lateral  column.  In  the  cervical  region,  the  part  of  the 
posterior  column  which  Hes  next  the  postero-median  fissure 
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is  separated  by  a  fissure  into  the  small  internal  postero- 
median column,  or  bandofGoll  and  the  funiculus  cuneatus. 
The  subdivision  of  each  lateral  half  of  the  cord  into  the 
columns,  and  the  arrangement  of  its  nervous  tissues, 
are  well  seen  in  transverse  sections  through  its  sub- 
stance (Fig.  72).    The  cord  is  composed  of  white  and  grey 
matter.    The  white  matter  is  external,  and  forms  the 
columns  of  the  cord.    The  grey  matter  is  surrounded  by 
the  white,  and  has  in  each  lateral  half  of  the  cord  a 
crescentic  shape.    The  horns  of  the  crescent  are  directed 
towards  the  fissures  of  emergence  of  the  nerve  roots;  the 
anterior  horn  is  rounded;  the  posterior  long  and  narrow. 
The  proportion  of  grey  matter  to  the  white  varies  in  dif- 
ferent parts  of  the  cord.    At  the  commencement  of  the 
filum  terminale  there  is  scarcely  any  white  matter ;  but 
the  white  matter  increases  in  amount  from  below  up- 
wards, so  that  its  absolute  quantity  is  greatest  in  the  cervi- 
cal part  of  the  cord.    The  grey  crescents  are  thicker  in 
the  upper  and  lower  enlargements  than  in  the  intermediate 
part. 

The  cord  contains  both  nerve  fibres  and  nerve  cells.  The 
external,  columnar,  white  part  of  the  cord  consists  of  nerve 
fibres,  with  a  supporting  reticular  framework  of  connective 
tissue  and  blood-vessels  derived  from  the  pia  mater.  Well- 
formed  stellate  connective  tissue  corpuscles  lie  in  this  sup- 
porting framework.  The  nerve  fibres  of  the  various  columns 
extend  longitudinally,  and  lie  paraUel  to  each  other,  so  that 
in  transverse  sections  through  the  columns  the  fibres  are 
transversely  divided.  The  individual  fibres  vary  much  in 
diameter,  but  in  aU  the  axial  cylinder  and  meduUary  sheath 
can  be  distinctly  seen.    Wherever  the  nerve  roots  enter 
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into  the  cord,  the  fibres  of  these  roots  pass  horizontally  or 
obliquely  in  their  course  inwards  to  the  grey  matter. 
The  fibres  of  the  anterior  and  posterior  commissures  have 
also  a  horizontal  course.  Those  of  the  anterior  commis- 
sure pass  from  the  anterior  cornu  of  grey  matter  on  one 
side,  across  the  bottom  of  the  anterior  median  fissure, 
where  they  decussate  with  the  corresponding  fibres  from 
the  opposite  side,  and  enter  the  anterior  column  of  the 
opposite  side,  though  some  of  the  fibres  bend  back  in  the 
grey  matter  towards  the  posterior  cornu.  The  fibres  of 
the  posterior  commissure,  more  delicate  than  those  of  the 
anterior,  not  only  lie  at  the  bottom  of  the  posterior  median 


fissure,  but  traverse  the  neurogHa  surrounding  the  central 
canal,  and  enter  the  posterior  cornua  and  posterior  columns. 
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Homontal  fibres  can  also  be  traced  from  the  grey  matter 
of  the  anterior  cornu  into  the  anterior  and  lateral  colimms, 
and  fibres  may  also  be  traced  from  the  posterior  comu  into 
the  posterior  part  of  the  lateral  column. 

The  grey  crescentic  portion  of  the  cord  contains  con- 
nective tissue,  blood-vessels,  nerve  fibres,  and  nerve  cells. 
The  nerve  fibres  in  the  grey  matter  are  numerous;  and 
whilst  some  possess  a  medullary  sheath,  others  consist 
only  of  the  axial  cylinder ;  they  divide  and  subdivide, 
and,  as  Gerlach  has  shown,  form  a  narrow  -  meshed 
network  of  extremely  minute  fibres.  The  nerve  cells  are 
multipolar,  and  are  chiefly  collected  in  the  anterior  and 
posterior  horns  of  each  crescent.  The  cells  of  the  an- 
terior cornu  are  large,  distinct,  and  stellate,  and  form 
well-defined  groups  of  nerve  cells  (Pig.  68).  Those  of  the 
posterior  cornu  are,  as  a  rule,  much  smaller  in  size,  more 
elongated  in  shape,  but  with  stellate  branched  processes. 
They  are  not  so  distinct  as  in  the  anterior  horn,  owing  to 
the  connective  tissue  with  its  corpuscles  being  so  abundant; 
this  tissue  is  best  marked  at  the  tip  of  the  posterior 
horn,  where  it  forms  the  substantia  gelatinosa  of  Rolando. 
Groups  of  larger  stellate  branched  cells  may,  however,  be 
seen  in  well-prepared  sections  at  a  short  distance  from  the 
tip  of  the  posterior  cornu.  Sometimes  also  isolated  nerve 
cells  may  be  seen  in  the  white  columns  immediately  out- 
side the  grey  matter  of  this  cornu.  Lockhart  Clarke  has 
described  an  intermedio-lateral  group  of  nerve  cells  situ- 
ated at  the  outer  side  of  the  grey  matter,  about  midway 
between  the  anterior  and  posterior  horns,  in  the  upper 
part  of  the  cervical  portion  of  the  cord,  and  in  the  thoracic 
part  between  the  brachial  and  crural  enlargements. 


228 


ANATOIMY. 


The  course  of  the  fibres  in  the  cord  and  their  relations 
to  the  nerve  cells  should  now  be  considered.  There  can 
be  no  doubt  that  of  the  longitudinal  fibres  some  ascend 
from  below  upwards,  and  conduct  either  excito-motory 
impulses  to  the  regions  of  the  spinal  cord  itself,  or  sen- 
sory impulses  to  the  brain.  Other  longitudinal  fibres  again 
descend  from  the  brain  and  higher  regions  of  the  cord  to 
the  lower,  and  conduct  motor  and  vaso-motor  impidses 
from  above  downwards. 

The  horizontal  and  oblique  fibres  of  an  anterior  or 
motor  nerve  root  enter  the  grey  matter  of  the  anterior 
cornu,  and  seem  to  have  the  foUowing  arrangement: 
some  become  directly  continuous  with  the  axial  cyHndrical 
processes  of  the  nerve  cells;  others  pass  into  the  anterior 
commissure;  others  extend  as  far  as  the  grey  matter  of 
the  posterior  horn.    The  nerve  ceUs  of  the  anterior  cornu 
give  origin,  therefore,  directly  to  nerve  fibres  by  their  un- 
branched  processes.    Geriach's  observations  show  that  the 
branched  processes  of  these  ceUs  become  continuous  with 
the  network  of  extremely  minute  fibres  akeady  described 
in  the  grey  matter;  from  this  network  medullated  fibres 
appear  to  arise  which  leave  the  grey  matter;  some  enter  the 
lateral  column,  and  ascend  as  the  fibres  of  this  structure; 
others  pass  as  fibres  of  the  anterior  commissure  to  the 
opposite  side  of  the  cord,  and  ascend  as  the  anterior  column 
of  that  side.    The  anterior  and  lateral  columns,  therefore, 
are  constantly  receiving  accessions  of  fibres  from  the 
enclosed'  grey  matter. 

The  fibres  of  a  posterior  or  sensory  nerve  root  on  entermg 
the  cord  subdivide  into  two  bundles;  one  does  not  enter  the 
grey  matter,  but  applies  itself  to  the  posterior  column,  of 
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wldcli  it  forms  some  of  the  vertical  fibres.  These  fibres 
may  ascend  to  the  brain,  or  they  may  at  some  higher  point 
in  the  cord  enter  the  grey  matter  of  the  posterior  horn.  The 
other  bundle  of  posterior  root  fibres  at  once  enters  the 
posterior  horn  of  grey  matter.  The  connections  and  ulti- 
mate arrangement  of  these  fibres  in  the  grey  matter  have 
not  been  satisfactorily  made  out.  Gerlach  states  that,  as 
they  frequently  subdivide  on  entering  the  grey  matter,  it 
is  possible  they  may  form  the  fine  nerve  fibre  plexus  of  the 
grey  substance;  but  a  direct  continuity  between  them  and 
the  axial  cylinder  processes  of  the  cells  of  the  posterior 
horn  does  not  seem  to  have  been  observed.  From  the 
plexus,  formed  by  the  much  subdivided  processes  of  these 
cells,  fibres  arise,  which,  forming  the  fibres  of  the  pos- 
terior commissure,  pass  both  in  front  of  and  behind  the 
central  canal  to  the  opposite  side,  where  they  ascend  towards 
the  brain,  "  partly  in  the  vertical  fasciculi  of  the  posterior 
comua  and  partly  in  the  posterior  columns." 

The  structure  of  the  spinal  cord  shows  it  to  be  both  a 
nerve  centre  and  a  conductor  of  nervous  impulses.  The 
nerve  ceUs  in  its  grey  matter  give  rise  either  directly, 
or  through  the  dehcate  plexus  formed  by  their  branching 
processes,  to  nerve  fibres,  which  may  either  pass  out  of 
the  cord  as  the  anterior  and  posterior  roots  of  the  spinal 
nerves,  or  may  ascend  to  the  brain  as  the  columns  of  the 
cord.  Hence  the  cord  is  anatomically  continuous,  on  the 
one  hand,  through  the  nerves  which  arise  from  it,  with  the 
peripheral  end-organs  in  the  skin,  and  muscular  system  in 
which  those  nerves  terminate;  and,  on  the  other  hand,  it  is 
continuous  with  the  brain.  It  serves,  therefore,  to  conduct 
the  impulses  of  touch-sensation  from  the  skin  upwards 


230 


ANATOMY. 


to  the  brain,  and  the  motor  impulses  from  the  brain 
downwards  to  the  muscles.  But  further,  the  cord  is  the 
great,  nerve  centre  concerned  in  reflex  excito-motory 
actions.  It  must,  also,  be  remembered  that  the  two  halves 
of  the  cord  are  anatomically  continuous  with  each  other 
through  the  nerve  fibres  of  the  commissures,  so  that  it  acts 
as  a  single  organ,  and  not  as  two  organs.  Experiments 
have  shown  that  sensory  impulses  are  conducted  upwards 
through  the  cord,  not  by  that  half  from  which  the  nerves 
arise  that  have  been  excited,  but  by  the  opposite  half  of 
the  cord,  which  is  obviously  due  to  the  crossing  of  the 
fibres  of  the  posterior  commissure.  Motor  impressions 
are,  however,  conducted  downwards  by  that  half  of  the 
cord  from  which  the  nerves  arise  that  pass  to  supply  the 
muscles  to  be  moved. 

The  spinal  cord  is  weU  suppHed  with  blood  by  numerous 
arteries,  which  ramify  not  only  in  the  pia  mater  investing 
its  periphery,  but  in  the  processes  which  dip  into  the 
median  fissures,   more  especially  the  anterior.  SmaU 
arteries  enter  the  longitudinal  columns  perpendicular  to 
their  free  surfaces,  ramify  in  the  connective  tissue  frame- 
work, and  end  in  a  capillary  plexus  for  the  supply  of  the 
nerve  fibres.    Other  vessels,  somewhat  larger  in  size,  pass 
through  the  columns  into  the  grey  matter,  where  they  also 
are  connected  with  a  capillary  plexus.    The  capillaries  are 
much  more  numerous  in  the  grey  matter  of  the  cord  than 
in  the  wHte  columns.    In  transverse  sections  through  the 
cord  a  pair  of  smaU  vessels  may  often  be  seen  imbedded  in 
the  neuroglia  of  the  posterior  commissure;  these  vessels 
lie  paraUel  to  and  at  the  sides  of  the  central  canal  (Fig.  74). 
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Oeigin,  Aeeangement,  and  Disteibution  op  the 
Spinal  Neevbs. 

The  spinal  cord  gives  origin  to  thirty-one  pairs  of  Spinal 
nerves,  which  pass  out  of  the  spinal  canal  through  the 
intervertebral  foramina.  These  nerves  are  arranged  in 
groups,  according  to  the  region  of  the  spine  through  the 
foramina  in  which  they  proceed.  There  are  eight  pairs  of 
cervical  nerves;  the  first  or  sub-occipital  emerges  between 
the  occipital  bone  and  the  atlas;  the  eighth  between  the 
seventh  cervical  and  first  dorsal  vertebrae.  Twelve  dorsal 
or  thoracic  nerves  pass  out  on  each  side  in  relation  to  the 
dorsal  vertebrae :  five  pairs  of  lumbar  nerves  in  the  region 
of  the  loins;  five  pairs  of  sacral  nerves  through  the  sacral 
and  sacro-coccygeal  foramina;  and  one  pair  of  coccygeal 
nerves  through  the  lowest  openings  in  the  spinal  canal. 
Each  spinal  nerve-trunk  arises  by  two  roots,  an  anterior 
and  a  posterior,  from  the  side  of  the  cord.  These  roots 
are  distinguished  from  each  other  both  anatomically  and 
physiologically.  The  posterior  root  has  a  swelling  or 
ganglion  on  it,  whilst  no  ganglion  exists  on  the  anterior 
root.  The  posterior  root  consists  of  sensory  nerve  fibres, 
i.e.,  of  fibres  which  conduct  impulses  from  the  periphery 
into  the  nerve  centre;  whilst  the  anterior  root  is  composed 
of  motor  nerve  fibres,  i.e.,  of  fibres  which  conduct  im- 
pulses from  the  centre  to  the  periphery.  The  ganglion  on 
the  posterior  root  is  situated,  as  a  rule,  in  the  interverte- 
bral foramen ;  but  the  lower  sacral  nerves  have  the  ganglia 
on  their  posterior  roots  in  the  spinal  canal.  These  ganglia 
contain  bipolar  nerve  cells,  and  the  nerve  fibres,  as  they 
pass  through  each  ganglion,  are  apparently  continuous  with 
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the  poles  of  the  cells.  The  roots  of  the  spinal  nerves  vary- 
in  direction  and  lengtL  Those  of  the  cervical  nerves 
are  short,  and  run  almost  horizontally  outwards  to  their 
respective  intervertebral  foramina;  those  of  the  dorsal  are 
longer  and  more  oblique;  whilst  the  roots  of  the  lumbar 
and  sacral  nerves,  owing  to  the  cord  ending  much  above 
the  foramina  through  which  the  nerves  proceed,  are  very 
long,  and  form  a  leash  of  nerves  in  the  lower  part  of  the 
spinal  canal,  which  leash  surrounds  the  filum  terminale, 
and,  from  its  general  resemblance  in  arrangement  to  the 
hairs  of  a  horse's  taU,  has  been  named  cauda  equina. 

The  anterior  nerve  root  joins  the  posterior  immediately 
outside  the  ganglion,  and  by  their  junction  a  spinal  nerve- 
trunk  is  formed.  This  nerve  contains  a  mixture  of  both 
motor  and  sensory  fibres,  and  is  compound  therefore  in 
function.  Almost  immediately  after  its  formation  the 
nerve-trunk  separates  into  two  divisions,  an  anterior  and 
a  posterior,  and  each  division,  like  the  nerve  itself,  con- 
tains both  motor  and  sensory  fibres. 

The  Posterior  Primary  Divisions  of  the  spinal  nerve- 
trunks,  smaller  than  the  anterior,  are  distributed  both  to 
the  muscles  and  skin  on  the  back  of  the  axial  part  of  the 
body.  Their  general  arrangement  is  as  follows :  each 
division,  except  the  first  cervical,  two  lower  sacral,  and 
coccygeal,  subdivides  into  an  internal  and  an  external 
branch.  The  first  cervical  or  sub-occipital  nerve  extends 
backwards,  lying  on  the  neural  arch  of  the  atlas,  and  sup- 
plies the  posterior  recti,  the  obHqui,  and  complexus  muscles. 
The  two  lower  sacral  and  coccygeal  unite  in  a  loop-like 
manner  behind  the  sacrum,  and  supply  the  skin.  In  the 
back  of  the  neck  and  the  back  of  the  upper  part  of  the  chest, 


SPINAL  NEKVES. 


233 


the  external  branches  of  the  posterior  primary  divisions 
supply  the  deep  muscles  of  the  back;  the  internal  branches 
pierce  the  muscles  close  to  the  spines  of  the  vertebrse,  and 
end  in  the  skin;  the  internal  branch  of  the  sectond  nerve, 
called  great  occipital,  and  that  of  the  third  cervical,  pass 
to  the  skin  over  the  occipital  bone.  In  the  back  of  the  lower 
part  of  the  chest  and  of  the  loins,  the  internal  branches 
supply  the  deep  muscles  of  the  back,  the  external  branches 
pass  to  the  skin,  those  of  the  upper  lumbar  nerves  extend- 
ing as  far  as  the  skin  of  the  buttock. 

The  Anterior  Primary  Divisions  are  not  so  uniform 
either  in  arrangement  or  distribution  as  are  the  pos- 
terior. They  supply  the 
front  and  sides  of  the  axial 
part  of  the  neck  and  trunk, 
and  the  extremities.  The 
anterior  divisions  of  the 
twelve  thoracic  nerves  have 
the  most  simple  arrange- 
ment. Each  nerve,  called 
from  its  position  an  inter- 

,  Fig.  75. — Diagi-am  of  the  arrangement  of  a 

costal     nerve,     runs     out-     pa"'  of  thoracic  spinal  nerves.  SC,  spinal 

cord ;  AR,  anterior  nerve  root ;  PR,  pos- 

wards,  immediately  below   •^'^""r  root,  with  its  ganglion;  pd,  pos- 

terlor  primary  division ;  AD,  anterior 

the  lower  border  of  a  rib  Pilmary  division,  or  intercostal  nerve; 

'  SG,  sympathetic  ganplion,  witli  the  com- 

and  gives  origin  to  three  Diunlcating  brandies  hetvpeen  It  and  the 

°              °  anterior  division;  M,  muscles,  with  the 

series  of  branches    namprl  tiranches  entering  them;  LC, 

uiduuueb,   Ucimea  j.^^eral   cutaneous,    and   AC,  anterior 

communicating,  muscular,    ^'^'''"eous  branches, 
and  cutaneous.    By  the  Communicating  branch  each  in- 
tercostal nerve  is  connected  with  an  adjacent  ganglion 
on  the  thoracic  portion  of  the  sympathetic  system.  By 
the  Muscular  or  motor  branches  these  nerves  supply 
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the  intercostal  muscles,  the  levatores  costarum,  and  the 
triangulares  sterni,  whilst  the  lower  intercostal  nerves 
run  forwards  and  downwards  into  the  wall  of  the  abdo- 
men, and  supply  the  oblique,  the  transverse,  the  recti,  and 
pyramidales  muscles.    The  skin  of  the  sides  of  the  thorax 
and  abdomen  receives  its  nervous  supply  from  the  Lateral 
Cutaneous  branches,  whilst  the  skin  on  the  front  of  the 
trunk  is  supplied  by  the  Anterior  Cutaneous  terminations  of 
these  nerves.   The  lateral  cutaneous  branches  of  the  second 
and  third  intercostal  nerves  are  comparatively  large  in  size, 
and  assist  in  the  supply  of  the  skin  of  the  inner  side  of 
the  upper  arm;  hence  they  are  called  intercosto-humeral 
nerves.    The  first  thoracic,  usually  caUed  the  first  dorsal 
nerve,  for  the  most  part  ascends  into  the  neck,  to  aid  in 
forming  the  brachial  plexus;  only  a  small  branch,  ex- 
tending along  the  intercostal  space  as  the  first  intercostal 
nerve  (Fig.  76,  1).     The  twelfth  thoracic,  usually  called 
the  twelfth  dorsal  nerve,  runs  along  the  lower  border  of 
the  twelfth  rib. 

In  the  regions  of  the  neck,  loins,  and  pelvis,  the  anterior 
divisions  of  the  spinal  nerves  do  not  pass  simply  outwards 
to  their  distribution.  In  each  region  adjacent  nerves  m- 
terlace  with  each  other,  and  form  what  is  technically  called 
a  nervous  plexus.  When  a  branch  arises  from  a  thoracic 
nerve,  it  contains  fibres  derived  from  that  nerve  only;  but 
when  a  branch  arises  from  a  plexus,  it  may  contain  fibres, 
not  of  one  only,  but  of  two  or  more  of  the  nerves  which, 
by  their  interlacement,  form  the  plexus.  Hence  the  parts 
which  are  supplied  by  these  branches  are  brought  into  con- 
nection with  a  greater  number  of  nerves,  and  consequently 
■  with  a  greater  extent  of  the  spinal  cord  or  nerve  centre, 
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than  are  tlie  parts  wliicli  receive  branclies  from  a  single 
nerve  only.  These  plexuses  are  especially  found  in  con- 
nection with  the  nerves  which  supply  the  extremities, 
where,  owing  to  the  complexity  of  the  muscular  move- 
ments, the  co-ordination  of  these  movements  through  the 
nervous  system  is  rendered  necessary. 

The  anterior  divisions  of  the  eight  cervical  nerves  are 
arranged  in  two  plexuses,  named  cervical  and  brachial. 

The  Cervical  plexus  is  formed  of  the  four  upper  cervical 
nerves,  which  make,  by  interlacement  with  each  other, 
a  series  of  loops  in  front  of  the  transverse  processes  of  the 
cervical  vertebrae  (Fig.  76).  Arising  either  directly  from 
these  nerves,  or  from  the  plexus  which  they  form,  are  com- 
municating, muscular,  and  cutaneous  branches.  The  Com- 
municating branches  connect  these  nerves  with  the  large 
superior  cervical  ganglion  of  the  sympathetic  system,  also 
with  the  vagus,  accessory,  and  hypoglossal  cranial  nerves, 
and  with  the  descending  branch  of  the  hypoglossal,  these 
last  being  especially  called  communicantes  noni.  The  Mus- 
cular branches  supply  the  anterior  recti  muscles  of  the  neck, 
the  levator  scapulae,  the  posterior  scalenus,  the  diaphragm, 
and  in  part  the  sterno-mastoid  and  trapezius.  The  branch 
to  the  diaphragm,  or  the  phrenic  nerve,  is  the  most  impor- 
tant ;  it  springs  from  the  third,  fourth,  and  fifth  cervical, 
and  passes  down  the  lower  part  of  the  neck,  and  through  the 
thorax,  to  supply  its  own  half  of  the  diaphragm;  Luschka 
has  described  twigs  proceeding  from  the  phrenic  to  the 
pleura,  pericardium  and  peritoneum.  The  Cutaneous 
branches  are  as  follows: — ^the  occipitalis  minor,  a  branch 
of  the  2d  cervical  goes  to  the  skin  of  the  occiput ;  the 
auriculo^arotidean,  a  branch  of  the  2d  and  3d  cervical, 
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to  the  skin  over  tlie  parotid  gland  and  the  adjacent  part 
of  the  auricle ;  the  transversalis  colli,  also  from  the  2d  and 
3d  cervical,  to  the  skin  of  the  front  of  the  side  of  the 
neck;  the  supra-clavicular  nerves,  from  the  3d  and  4th 
cervical,  to  the  skin  of  the  lower  part  of  the  side  of  the  neck, 
and  upper  part  of  the  chest. 

The  Brachial  plexus  is  formed  of  the  four  lower  cervical 
nerves,  and  of  the  larger  portion  of  the  first  thoracic,  called 
also  first  dorsal  nerve  (Fig.  76).    It  is  of  large  size,  and  is 
principally  for  the  supply  of  the  upper  limb.  Its  exact  mode 
of  arrangement  presents  many  variations,  but  the  following 
is  not  unfrequently  found: — The  fifth  and  sixth  nerves  join 
to  form  a  large  nerve,  which,  after  a  short  course,  is  joined 
by  the  seventh;  in  this  manner  the  uj^jm-  cord  of  the 
plexus  is  formed.     The  eighth  cervical  and  the  first 
dorsal  then  join,  to  form  the  lower  cord  of  the  plexus. 
The  cords  then  pass  behind  the  clavicle  and  subclavius 
muscle  into  the  axiUa,  where  they  become  modified  in 
arrangement.    From  each  a  large  branch  arises,  and  these 
two  branches  then  join  to  form  a  third  cord.    The  three 
cords  have  special  relations  to  the  axillary  artery  :  the  one 
which  lies  to  its  outer  side  is  named  the  outer  cord  ;  that  to 
the  inner,  the  inn&f  cord;  that  behind,  the  posterior  cord. 
These  nerves  and  the  cords  formed  by  them  give  origin  to 
communicating,  muscular,  cutaneous,  and  mixed  branches. 
The  Communicating  branches  join  the  middle  and  in- 
ferior cervical  and  first  thoracic  ganglia  of  the  sympathetic 
system.    The  Muscular  branches  supply  the  scaleni,  longus 
colli,  rhomboid,  and  subclavius  muscles;  also  the  supra 
and  infra-spinatus  muscles,  through  a  branch  caUed  sup-a- 
scapular,  which  arises  from  the  cord  formed  by  the  5th 
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Fig.  76. — Diagram  of  Cervical  and  Brachial  Plexuses. 

CI  to  IV,  CeiTlcal  plexus;  o,  small  occipital  nerve;  ap,  auriculo  parotidean  , 
tc,  transverse  or  superflcial  cervical;,  sc,  supra  clavicular;  m,  muscular 
orancnes  to  recti,  &c. ;  I,  to  levator  angull  scapula;  t,  to  trapezius  and  stemo- 
mastoul  muscles;  cn,  communicantes  noni;  7),  phrenic  nerve;  c,  communi- 

rv  I  ""'^  hypo-glossal, 

■no       '  plexus;  n  branch  to  rhomboid  muscle;  ss,  suprascapular 

nerve;  sc,  nerve  to  subclavlus;  sm,  nerve  to  serratus  raagnus;  U,  upper  cord  ; 
i^nT'fJ!'^"'"     ^'         ^'  posterior  cord  of  plexus;  ot,  outer,  and  it, 

Hnirni  '^""^''^  nerve;  mc,  musculo-cutaneous ;  m,  median;  ms,  musculo- 
lo«I„!.'/:  "''™ni"ex;  J,  subscapular:  «,  ulnar;  ic,  internal  cutaneous;  lie. 
^Bn^^l*^"""  intercostal  nerve;  a,  line  of  clavicle;  S'S 

spinal  ne  sympathetic;  c'C,  series  of  communicating  branches  with 
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and  6tli  cervical ;  the  serratus  magnus  muscle,  through,  the 
posterior  thoracic  branch,  which  also  arises  from  the  5th  and 
6th  cervical  nerves;  the  greater  and  lesser  pectorals,  through 
the  two  anterior  thoracic  branches  which  arise,  one  from  the 
outer  and  one  from  the  inner  cord ;  and  the  subscapularis, 
teres  major,  and  latissimus  dorsi  muscles,  through  the  three 
subscapular  branches,  which  arise  from  the  posterior  cord. 
The  Cutaneous  branches  arise  from  the  inner  cord,  and  are 
the  lesser  internal  cutaneous,  which  ends  in  the  skin  of  the 
inner  side  of  the  upper  arm,  and  joins  the  intercosto- 
humeral;  and  the  internal  cutaneous,  which  not  only  sends 
branches  to  the  skin  of  the  upper  arm,  but  supplies  the 
skin  of  the  inner  side  of  the  forearm,  both  on  its  anterior 
and  posterior  surfaces.    The  Mixed  branches  are  large  and 
very  important: — a.  The  Circumflex,  from  the  posterior 
cord,  supplies  muscular  branches  to  the  deltoid  and  teres 
minor  muscles,  a  cutaneous  branch  to  the  skin  over  the  del- 
toid, and  an  articular  branch  to  the  shoulder  joint,   h.  The 
Musculo-Spiral,  which,  as  it  were,  continues  downwards 
the  posterior  cord,  supplies  muscular  branches  to  the 
triceps  and  anconeus,  to  the  supinator  longus  and  extensor 
carpi  radiaUs  longior  muscles ;  by  its  internal  cutaneous 
branch  the  skin  of  the  back  of  the  upper  arm,  and  by  its 
external  cutaneous  branch,  the  skin  of  the  outer  side  of  the 
back  of  the  forearm.    It  then  divides  into  the  radial  and 
posterior  interosseous  branches.    The  radial  passes  down 
the  forearm  to  the  hand,  and  suppUes  the  skin  on  the  back 
of  the  thumb,  index  and  middle  digits,  and  radial  side  of 
the  ring  digit.    The  posterior  interosseous  pierces  the  supin- 
ator radii  brevis,  supplies  the  muscles  on  the  back  of  the 
forearm  and  the  articulations  of  the  carpal  joints,    c,  The 
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Musculo-Cutaneous  branch  of  the  outer  cord  of  the  plexus 
supplies  the  biceps,  brachialis  anticus,  and  coraco-brachialis 
muscles,  and  ends  in  an  external  cutaneous  branch,  which 
supphes  the  skin  of  the  outer  side  of  the  forearm,  both  in 
front  and  behind,  d,  The  Ulnar  nerve  arises  from  the 
inner  cord,  passes  through  the  upper  arm,  and  enters  the 
forearm  between  the  inner  condyle  and  olecranon,  where 
it  supplies  an  articular  branch  to  the  elbow  joint.  Here 
it  may  easily  be  compressed,  when  a  pricking  sensation  is 
experienced  in  the  course  of  its  distribution.  In  this  spot 
it  is  popularly  called  the  "  funny  bone."  In  the  forearm 
the  ulnar  nerve  supplies  the  flexor  carpi  tilnaris  and  inner 
part  of  the  flexor  profundus  digitorum  muscles.  In  the 
hand  it  supplies  the  palmaris  brevis,  the  muscles  of  the 
ball  of  the  little  finger,  the  two  inner  lumbricales,  the  inter- 
ossei  muscles,  and  the  adductor  and  deep  part  of  the  short 
flexor  of  the  thumb.  It  also  supplies  a  dorsal  cutaneous 
branch  to  the  back  of  -the  hand,  and  the  back  of  the  little 
and  of  the  ulnar  side  of  the  ring  digits.  Palmar  cutaneous 
branches  are  also  given  to  the  palm  and  to  the  pahnar  aspects 
of  the  same  digits,  e,  The  Median  nerve  arises  by  two  roots, 
one  from  the  inner,  the  other  from  the  outer  cord  of  the 
plexus.  It  enters  the  forearm  in  front  of  the  elbow  joint, 
between  the  two  heads  of  the  pronator  radii  teres,  sup- 
phes, either  directly  or  through  its  anterior  interosseous 
branch,  aU  the  flexors  and  pronators,  except  those  supplied 
by  the  ulnar ;  is  continued  to  the  hand,  where  it  supplies  the 
abductor,  opponens,  and  superficial  part  of  the  short  flexor 
of  .the  thumb,  and  the  two  outer  lumbrical  muscles.  It 
also  supphes  a  palmar  cutaneous  branch  to  the  skin  of  the 
palm,  and  gives  digital  cutaneous  branches  to  the  thumb. 
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index  and  middle  digits,  and  radial  side  of  the  ring 
digit. 

The  Lumbar  plexus,  of  large  size,  is  situated  at  the  back 
of  the  abdominal  cavity  in  the  region  of  the  loins,  and  is 
formed  by  the  four  upper  lumbar  nerves,  which  form  a 
series  of  loop-like  interlacements  in  front  of  the  transverse 
processes  of  the  lumbar  vertebrse  (Fig.  77).  It  gives  origin 
to  communicating,  muscular,  cutaneous,  and  mixed  branches. 
The  Communicating  branches  join  the  four  upper  lumbar 
ganglia  of  the  sympathetic  system.  The  Muscular 
branches  supply  the  quadratus  lumborum  muscle,  and 
give  branches  to  the  psoas.  The  Cutaneous  branches  are 
named — a,  Ilio-hjpogastric,  which  arises  from  the  1st 
lumbar  nerve,  gives  an  iliac  branch  to  the  skin  of  the  but- 
tock, and  a  hypogastric  branch  to  the  skin  of  the  abdomen 
above  the  pubic  symphysis;  b,  Ilio-inguinal,  also  from 
the  1st  lumbar  nerve,  supplies  the  skin  of  the  groin; 
this  nerve  is  by  some  said  to  send  a  branch  to  the  in- 
ternal oblique  muscle;  c.  External  Cutaneous,  from  the 
2d  and  3d  lumbar  nerves,  supplies  the  skin  on  the  outer 
aspect  of  the  thigh.  The  Mixed  branches  are  as  fol- 
lows : — a,  Genito-crural,  chiefly  from  the  2d  lumbar,  sup- 
plies the  cremaster  muscle,  and  a  cutaneous  branch  to  the 
skin  of  the  groin,  b.  Anterior  Crural,  chiefly  from  the  3d 
and  4th  lumbar  nerves,  but  partly  from  the  2d,  is  a  large 
nerve  which  enters  the  thigh  by  passing  behind  Poupart's 
ligament,  and  supplies  muscular  branches  to  the  great  ex- 
tensor muscles  of  the  knee-joint,  viz.,  the  rectus  femoris, 
crurseus,  vastus  internus,  and  externus,  and  also  the  sar- 
torius,the  psoas-iUacus  and  the  pectineus,  which  act  asflexors 
of  the  hip-joint;  it  also  gives  off  the  foUowing  cutaneous 
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branches  : — An  internal  cutaneous  to  the  skin  of  the  inner 
side  of  the  thigh,  a  middle  cutaneous  to  the  skin  of  the 
middle  of  the  front  of  the  thigh,  and  the  long  saphenous 
nerve,  which  supplies  the  skin  of  the  inner  side  of  the  knee- 
joint,  the  inner  side  of  the  leg  and  the  foot,  c.  Obturator,  also 
from  the  3d  and  4th  lumbar  nerves,  leaves  the  pelvis  through 
the  obturator  foramen,  and  supplies  muscular  branches  to 
the  obturator  externus,  gracilis,  three  adductor  muscles  of 
the  thigh,  and  the  pectineus;  it  also  supplies  articular 
branches  to  the  hip  and  knee  joints,  and  not  unfrequently 
gives  a  cutaneous  branch  to  the  skin  of  the  lower  part  of 
the  inner  side  of  the  thigh,  d,  An  Accessory  Obturator 
nerve,  also  from  the  3d  and  4th  lumbar,  is  sometimes 
present,  which  goes  to  the  pectineus,  to  the  hip-joint,  and 
also  joins  the  obturator  nerve. 

The  Lumbosacral  Cord  is  formed  of  the  fifth  lumbar 
nerve  and  of  a  branch  from  the  fourth  lumbar  (Fig.  77).  It 
joins  the  sacral  plexus.  Before  the  junction  it  gives  origin  to 
a  communicating  and  a  muscular  branch.  The  Communi- 
cating joins  the  fifth  lumbar  ganglion  of  the  sympathetic. 
The  Muscular  branch,  or  superior  glutoeal  nerve,  supplies 
the  glutseus  medius,  minimus,  and  tensor  fascise  femoris 
muscles. 

The  Sacral  plexus  lies  in  the  cavity  of  the  pelvis,  and  is 
the  largest  of  all  the  plexuses.  It  is  formed  by  the  junction 
of  the  lumbo-sacral  cord,  the  first,  second,  third,  and  part 
of  the  fourth  sacral  nerves,  and  appears  as  a  flattened  mass 
in  front  of  the  sacrum  (Fig.  77).  It  gives  origin  to  com- 
municating, muscular,  and  mixed  branches.  The  Com- 
municating branches  join  the  upper  sacral  ganglia  of  the 
sympathetic  system.    The  Muscular  branches  supply  the 
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upper  fibres  of  the  glutseiis  maximus,  the  pyriformis, 
gemelli,    quadratus    femoris,    and    obturator  internus 


to  fom  the  sacral  Pl^.^'i? '  ^ehowf^ 

gangUa  of  the  sympathetic  syste^^^^^^^^^  ^^^^^  S'^^STili  J 

the  spinal  neiTes;     'h^^^^  |   b    jjio-hypogastric  nerve;  2  U,^ 

l^'^^^teWcraneous;  4!  genito-cmral ;  5,  antenor  crural;  6, 
Saton  7,  superior  gluteal. 

muscles  Tbe  Mixed  nerves  are  as  follows  :-a,  P^ld'c 
wHcb  supplies  superficial  perineal  branches  to  the  skm  of 
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the  external  organs  of  generation ;  muscular  branches  to 
their  muscles ;  a  long  dorsal  branch  to  the  dorsum  penis, 
which  ends  in  the  sensitive  surface  of  the  glans,  and  in- 
ferior hcBmorrhoidal  branches  to  the  skin  about  the  anus. 
6,  STmll  Sciatic,  which  supplies  not  only  muscular  branches 
to  the  lower  fibres  of  the  glutseus  maximus  muscle,  but 
cutaneous  branches  to  the  skin  of  the  buttock,  the  back  of 
the  thigh,  of  the  popliteal  space,  and  of  the  leg ;  it  also 
gives  a  long  pudendal  branch  to  the  skin  of  the  perineum, 
c.  Great  Sciatic,  the  largest  nerve  in  the  body,  leaves  the 
pelvis  through  the  great  sciatic  foramen,  and  passes  down 
the  back  of  the  thigh,  when  it  divides  into  external  and 
internal  popliteal  branches.  Before  dividing  it  supplies 
articular  branches  to  the  hip-joint  and  muscular  branches  to 
the  three  hamstring  muscles,  and  to  the  adductor  magnus. 
The  external  popliteal  branch  gives  articular  branches  to 
the  knee-joint,  passes  down  the  outer  side  of  the  leg,  gives 
off  the  communicans  peronei  branch  to  the  skin  of  the  outer 
side  of  the  back  of  the  leg,  and  divides  into  the  musculo- 
cutaneous and  anterior  tibial  nerves.  The  musculo-cutaneous 
nerve  supplies  muscular  branches  to  the  peronei  longus  and 
brevis,  and  cutaneous  branches  to  the  dorsum  of  the  foot 
and  the  dorsal  surfaces  of  all  the  toes,  except  the  outer  side 
of  the  little  and  the  adjacent  sides  of  the  great  and  second 
toes.  The  anterior  tibial  passes  to  the  front  of  the  leg, 
supplies  muscular  branches  to  the  tibialis  anticus,  peroneus 
tertius,  long  and  short  extensor  muscles  of  the  toes,  and  ter- 
minates as  the  cutaneous  digital  nerve  for  the  adjacent  sides 
of  the  great  and  second  toes.  The  internal  popliteal  branch 
gives  articular  branches  to  the  knee-joint,  and  suppKes  the 
communicans  tibialis  nerve,  which  joins  the  communicans 
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peronei,  and  forms  witli  it  the  external  saphenous  nerve  that 
passes  to  the  outer  side  of  the  foot  and  little  toe.  The 
internal  popliteal  also  supplies  the  muscles  of  the  calf  and 
the  popliteus  muscle,  and  ends  as  the  posterior  tibial  nerve. 
The  posterior  tibial  nerve  passes  down  the  back  of  the  leg, 
supplies  muscular  branches  to  the  tibialis  posticus  and  long 
flexors  of  the  toes,  gives  off  a  cutaneous  branch  to  the  skin 
of  the  heel,  and  terminates  by  dividing  into  the  internal 
and  external  plantar  nerves.    The  internal  plantar  nerve 
supplies  the  skin  of  the  sole  and  sends  digital  branches  to 
the  skin  of  the  great,  second,  third,  and  tibial  side  of  the 
fourth  toes;  it  also  supplies  muscular  branches  to  the 
abductor  poUicis,  flexor  brevis  digitorum,  flexor  brevis 
poUicis,  and  two  inner  lumbrical  muscles.    The  external 
j)la7itar  nerve  suppHes  digital  branches  to  the  skin  of  the 
Uttle  toe  and  fibular  side  of  the  fourth  toe,  and  muscular 
branches  to  aU  the  muscles  of  the  sole  of  the  foot  which 
are  not  supplied  by  the  internal  plantar  nerve. 

The  Sacro-Goccygeal  plexus  is  the  smallest  belonging  to 
the  anterior  divisions  of  the  spinal  nerves.  It  is  formed  by  a 
part  of  the  fourth  sacral,  the  fifth  sacral,  and  the  coccygeal 
nerves.  It  Hes  in  front  of  the  last  sacral  and  the  first  coccy- 
geal vertebra,  and  gives  origin  to  communicating,  visceral, 
muscular,  and  cutaneous  branches.  The  Gommunicatvtig 
branches  join  the  lower  sacral  and  the  coccygeal  gangUa  of 
the  sympathetic  system;  the  Visceral  pass  to  the  pelvic 
plexus  of  the  sympathetic,  and  through  it  to  the  bladder 
and  rectum;  the  Muscular  to  the  levator  ani,  coccygeus, 
and  sphincter  ani  extemus  muscles;  the  Cutaneous  to  the 
skin  about  the  anus  and  tip  of  the  coccyx. 


THE  BEAIN — MEDULLA  OBLONGATA.  245, 


The  Beain"  oe  Encephalon. 

^  By  the  term  Brain  or  Encephalon  is  meant  all  that 
part  of  the  central  nervous  axis  which  is  contained  within 
the  cavity  of  the  skull.  It  is  divided  into  several  parts, 
named  medulla  oblongata,  pons,  cerebellum,  and  cerebrum. 
The  medulla  oblongata  is  directly  continuous  with  the 
spinal  cord  through  the  foramen  magnum.  The  cerebel- 
lum lies  above,  and  immediately  behind  the  medulla  ob- 
longata, with  which  it  is  directly  continuous.  The  pons 
lies  above  and  in  front  of  the  medulla,  with  which  it  is 
directly  continuous.  The  cerebrum  is  the  highest  division, 
and  lies  above  both  pons  and  cerebellum,  with  both  of 
which  it  is  directly  continuous. 


MEDULLA  OBIiONGATA. 

The  Medulla  Oblongata  rests  upon  the  basi-occipitaL 
It  is  somewhat  pyramidal  in  form,  about  1^  inch  long,  and 
1  inch  broad  in  its  widest  part.  It  is  a  bilateral  organ,  and 
is  divided  into  a  right  and  a  left  half  by  shallow  anterior 
and  posterior  median  fissures,  continuous  with  the  corre- 
sponding fissures  in  the  spinal  cord ;  the  posterior  fissure 
ends  above  in  the  4th  ventricle.  Each  half  is  subdivided 
into  elongated  tracts  of  nervous  matter.  Next  to,  and 
parallel  with  the  anterior  fissure  is  the  anterior  pyramid. 
This  pyramid  is  continuous  below  with  the  cord,  and  the 
place  of  continuity  is  marked  by  the  passage  across  the 
fissure  of  three  or  four  bundles  of  nerve  fibres,  from  each 
half  of  the  cord  to  the  opposite  anterior  pyramid;  this  cross- 
ing is  called  the  decussation,  of  the  pyramids  (Figs.  78, 
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To  tlie  side  of  the  pyramid,  and  separated  f rora  it  by  a  faint 
fissure,  is  the  projecting  oval-shaped  olivary  body,  with  the 
olivary  fasciculus.    Behind  the  oHve,  and  separated  from  it 
by  a  faint  groove,  is  the  strong  tract  named  restiform  body; 
as  it  ascends  from  the  funiculus  cuneatus  of  the  cord  it 
diverges  from  its  feUow  in  the  opposite  half  of  the  meduUa 
oblongata.    By  this  divergence  the  central  part  of  the 
medulla  is  opened  up,  and  the  lower  half  of  the  cavity  of 
the  4th  ventricle  is  formed.    Internal  to  the  restiform  body 
is  the  posterior  pyramid  or  funiculus  gracilis,  which  is  con- 
tinuous with  the  postero-median  column,  and  bounds  the 
postero-median  fissure.  Where  the  restiform  bodies  diverge 
from  each  other,  there  also  the  posterior  pyramids  diverge 
outwards  from  the  sides  of  the  postero-median  fissure.  At 
the  upper  part  of  the  floor  of  the  4th  ventricle  a  longitudinal 
tract  of  nerve  fibres,  the  fasciculus  teres,  ascends  on  each  side 
of  its  median  furrow  (Fig.  83).    Slender  tracts  of  nerve 
fibres,  the  arciformjilres,  arch  across  the  side  of  the  medulla 
immediately  below  the  olive,  from  the  anterior  column 
of  the  cord  to  the  restiform  body;  and  white  slender  tracts 
emerge  from  the  median  furrow  of  the  4th  ventricle,  pass 
outwards  across  its  floor,  and  form  the  strice  medullares  or 
accmsticoe,  the  roots  of  origin  of  the  auditory  nerve  (Fig.  83). 

The  medulla  oblongata,  like  the  spinal  cord,  with  which 
it  is  continuous,  consists  both  of  grey  and  white  matter. 
But  the  exterior  of  the  medulla  is  not  so  exclusively  formed 
of  white  matter  as  ia  the  outer  part  of  the  cord,  for  the 
divergence  from  each  other  of  the  restiform  bodies  and 
posterior  pyramids  of  opposite  sides  opens  out  the  central 
part  of  the  medulla,  and  aUows  the  grey  matter  to  become 
superficial  on  the  floor  of  the  4th  ventricle.    The  nerve 
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fibres,  wHch  enter  into  the  formation  of  the  pyramids  and 
the  other  tracts  just  described,  are  partly  continuous  below 
with  the  columns  of  the  spinal  cord,  and  are  prolonged 
upwards  either  to  the  pons  and  cerebrum,  or  to  the  cere- 
bellum, or  they  partly  take  their  rise  in  the  medulla 
oblongata  itself  from  the  cells  of  its  grey  matter.  As  the 
medulla  is  a  bilateral  organ,  its  two  halves  are  united 
together  by  commissural  fibres,  which  cross  obliquely  its 
mesial  plane  from  one  side  to  the  other,  and  as  they  decus- 
sate in  that  plane,  they  form  a  well-marked  mesial  septum 
or  raphe.  Further,  the  medulla  is  a  centre  of  origin  for 
several  pairs  of  the  more  posterior  encephalic  nerves,  and  for 
the  vaso-motor  nerves.  In  the  passage  upwards  through 
the  medulla  of  the  columns  of  the  cord,  a  re-arrangement 
of  their  fibres  takes  place  ,  just  as  in  a  great  central  railway 
station,  the  lines  of  rails,  which  enter  it  in  one  direction, 
intersect  and  are  rearranged  before  they  emerge  from  it  in 
the  opposite  direction.  The  fibres  of  the  posterior  median 
column  of  the  cord  are  prolonged  upwards  as  the  posterior 
pyramid.  The  fibres  of  the  funiculus  cuneatus  of  the  pos- 
terior column  of  the  cord  are  for  the  most  part  prolonged 
upwards  into  the  restif orm  body,  though  some  fibres  pass  to 
the  front  of  the  medulla  to  participate  in  the  decussation  of  the 
anterior  pyramids.  The  lateral  column  of  the  cord  divides  into 
three  parts  :  a,  the  greater  number  of  its  fibres  pass  inwards 
across  the  anterior  median  fissure,  to  assist  in  forming 
the  anterior  pyramid  of  the  opposite  side,  so  as  to  produce 
the  decussation  already  referred  to ;  h,  others,  which  form 
the  deep  cerebellar  fibres  of  Solly,  join  the  restif  orm  body; 
c,  others  form  the  fasciculus  teres  situated  on  the  floor  of  the 
4:th  ventricle.   The  anterior  column  of  the  cord  also  divides 
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into  three  parts :  a,  some  fibres  form  tlie  arciform  fibres 
and  join  the  restiform  body ;  b,  others  assist  in  the  for- 
mation of  the  olivary 
fasciculus ;  c,  others  are 
prolonged  upwards  in 
the  anterior  pyramid  of 
the  same  side  (Fig.  78). 

The  anterior  pyramid 
consists  partly  of  fibres 
of  the  anterior  column 
of  the  cord  of  the  same 
side,  partly  of  decus- 
sating fibres  of  the  ante- 
rior commissure,  partly 
of  decussating  fibres 
from  the  posterior  co- 
lumns and  posterior  cor- 

FiG.  78.— Diagrammatic  dissection  of  the  Me-  r  mattpr  but 

dnllaOWongata  and  Pons  to  sliowtlie  course  HU  01  grey  mattei,  uuu 
of  tlie  fitres.  a,  superficial,  a',  deep  transverse  „„•   „•   .n^  of  tlip  rlpfllS- 
fibres  of  the  pons;  b,  b,  anterior  pyramids  principally  01  tUe  OCCUS 
ascending  at  6'  through  the  pons ;  c,  c,  olivary      . .  n-f  fhplti+prnl 

hodies;  c',  olivary  fasciculus  in  the  pons;  sating  nbreS 01  tUe lateral 
d,  d,  anterior  columns  of  cord;  c,  inner  part  „^  ^v^r^rAc^fo 

of  the  right  column  joining  the  anterior  COlumn  01  tUe  OppOSlie 
pyramid;  /,  the  outer  pait  going  to  tlie 

olivary  fasciculus;     lateral  column  of  cord ;  gide  01  tJie  COra.  ine 
ft,  the  part  which  decussates  at  i,  the  decussa-  . 
tion  of  the  pyramids ;  I,  the  part  which  joins  fibres    of    the  anterior 
the  restiform  body  ;  m,  that  which  forms  the 

fasciculus  teres ;  n,  arciform  fibres,   land  2,  -nyramid  are  prolonged 
sensory  and  motor  roots  of  fifth  nerve;  U  ■, 
3,  sixth  nerve;  4,  portio  dura;  5,  portio  +ljroueh  the  POUS  tO  the 
intermedia ;  6,  portio  mollis  of  seventh  nerve;  &  i 

7,glosso-pharyngeal;  8  pneumo-gastric;  9,  gerel^rum.  Owing  tO 
spinal  accessory  of  eighth  nerve ;  10,  hypo-  o 

glossal  nerve.  the  decussation  of  the 

lateral  columns  of  the  cord  in  the  formation  of  the  pyramids, 
the  motor  nerve  fibres  from  one-half  of  the  brain  are  trans- 
mitted to  the  opposite  side  of  the  cord,  so  that  injuries 
affecting  one  side  of  the  brain  occasion  paralysis  of  the 
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motor  nerves  arising  from  the  opposite  half  of  tlie  cord, 
and  consequent  paralysis  of  the  muscles  supplied  by  those 
nerves.  The  olivary  fasciculus  is  formed  partly  of  fibres  of 
the  anterior  column  of  the  same  side,  and  partly  of  fibres 
arising  from  the  grey  matter  of  the  oKve,  It  is  continued 
upwards  through  the  pons  to  the  cerebrum.  The  restif  orm 
body  is  formed  principally  of  fibres  of  the  funiculus  cuneatus 
of  the  posterior  column  of  the  same  side,  but  partly  of  fibres 
of  the  lateral  column,  and  also  of  the  arciform  fibres  from 
the  anterior  column,  and  from  the  grey  matter  of  the 
superior  and  inferior  olives.  As  the  restiform  body  is 
continued  upwards  to  the  cerebellum,  and  forms  its  inferior 
peduncles,  the  arciform  fibres  have  been  called  by  Solly  the 
superficial  cerebellar  fibres  of  the  anterior  columns.  Through 
the  restiform  body  the  cerebellum  is  connected  vsdth  the  pos- 
terior, lateral,  and  anterior  columns  of  the  cord  as  well  as 
with  the  olivary  nuclei  in  the  grey  matter  of  the  medulla 
oblongata.  The  posterior  pyramid  consists  of  the  posterior 
median  column  of  the  cord,  and  is  prolonged  through 
the  pons  to  the  cerebrum.  The  fasciculus  teres  is  formed 
of  a  small  part  of  the  lateral  column  of  the  cord,  and  is 
also  prolonged  through  the  pons  to  the  cerebrum. 

The  grey  matter  of  the  medulla  oblongata,  which  contains 
numerous  multipolar  nerve  cells,  is  in  part  continuous  with 
the  grey  matter  of  the  spinal  cord,  and  in  part  consists  of  in- 
dependent masses.  As  the  grey  matter  of  the  cord  enters  the 
medulla  it  loses  its  crescentic  arrangement.  The  posterior 
cornua  are  thrown  outwards  towards  the  surface,  lose  their 
pointed  form,  and  dilate  into  rounded  masses  named  the 
grey  tubercles  of  Rolando  {Fig.  79),  whilst  portions  are  pro- 
longed into  both  the  posterior  pyramid  and  the  restiform 
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AP 

Fig.  79.  ^Transverse  section  through  the  medulla  oblongata  at  the  decussation 

of  the  pyramids  below  the  olivary  body.  AP,  anterior  pyi-amid,  showing 
decussating  fibres  at  the  bottom  of  the  anterior  median  fissure ;  c,  central 
canal ;  PP,  posterior  pyramid ;  R,  restif orm  body :  TR,  grey  tubercle  of 
Rolando;  ac,  gioup  of  nerve  cells  continuous  with  the  cells  of  the  anterior 
comu  of  the  cord. 


TT.r.  sn  Transverse  section  through  the  meduUa  oblongata  in  the  plane  of  the 
nl^vai^b^Sdv  Ar anterior  pyramid-fibres  transversely  divided;  S,  septal 
olivary  body.  Ar,  anteuu  restiform  body;  0,  olivary  body;  ao,  acces- 
commissural  fibres  or  rapto   K,  rest^o     ^  immediately  adjacent 

clossal  nerve;  nft,  nucleus  of  hypoglossal;  G,  glosso-pl  aryngcal  nerve,  «?, 
SucTeus  of  gtosso-pharyngealnerve;  /,  fonnatio  ret.culans. 
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body,  and  form  the  ganglia  post-pyramidalia  of  Clarke. 
The  grey  matter  of  the  anterior  cornua  and  of  the  inter- 
medio-lateral  tracts  loses  its  continuity,  and  becomes 
Subdivided  into  numerous  small  masses,  owing  to  being 
traversed  by  bundles  of  nerve  fibres,  which  give  rise  to  a 
network  termed  formatio  reticularis,  in  the  meshes  of  which 
the  groups  of  nerve  cells  are  contained.  In  the  lower  part 
of  the  medulla  a  central  canal  continuous  vsith  that  of  the 
cord  exists,  but  when  the  restiform  bodies  and  posterior 
pyramids  on  the  opposite  sides  of  the  medulla  diverge  from 
each  other,  the  central  canal  loses  its  posterior  boundary, 
and  dilates  into  the  cavity  of  the  4th  ventricle.  The  grey 
matter  in  the  interior  of  the  medulla  appears,  therefore,  on 
the  floor  of  the  ventricle;  that  which  corresponds  to  the 
anterior  cornua  being  situated  immediately  on  each  side  of 
the  median  furrow,  whilst  that  which  is  continuous  with 
the  grey  tubercles  of  Rolando  and  the  posterior  cornua  is 
some  distance  external  to  it.  This  grey  matter  contains 
collections  of  nerve  cells,  which  are  the  centres  of  origin  of 
the  more  posterior  encephalic  nerves. 

Of  the  independent  masses  of  grey  matter  of  the  medulla, 
that  which  forms  the  corpus  dentatum  within  the  olivary 
body  is  the  most  important,  and  constitutes  the  mccleus  of  the 
inferior  olive  (Fig.  80).  It  is  folded  on  itself  in  a  zig-zag  or 
denticulated  manner,  and  forms  a  sort  of  capsule  open  on 
the  inner  aspect,  through  which  openings  a  bundle  of  nerve 
fibres  from  the  interior  of  the  capsule  proceeds.  These 
fibres  aid  in  the  formation  of  the  ohvary  fasciculus,  and  as 
Deiters  and  Meynert  have  pointed  out,  in  part  arch  across  the 
mesial  plane  and  join  the  restiform  body  on  the  opposite  side, 
whilst  some  apparently  join  the  posterior  pyramid.  The, 
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nerve  cells  of  the  olive  are  multipolar  and  flask-shaped,  and 
in  aU  probability  give  origin  to  the  nerve  fibres  proceeding 
from  the  interior  of  the  capsule.    Separated  from  the  inner 
part  of  the  olive  by  a  layer  of  reticular  substance  is  a  smaller 
grey  mass,  called  by  Stilling  the  nuclem  of  the  accessory 
olive.  Crossing  the  anterior  surface  of  the  mediilla  oblongata, 
immediately  below  the  pons,  in  the  majority  of  mammals 
is  a  transverse  arrangement  of  fibres  forming  the  irapezium, 
which  contains  a  grey  nucleus,  named  by  Van  der  KoUc 
the  sujjerior  olive.    In  the  human  brain  the  trapezium  is 
included  within  the  lower  transverse  fibres  of  the  pons,  but 
when  sections  are  made  through  it,  as  L.  Clarke  pointed  out, 
the  grey  matter  of  the  superior  olive  can  be  seen.  Meynert 
states  that  its  nerve  cells  give  origin  to  some  fibres,  which  run 
straight  backwards  to  the  restiform  body  of  the  same  side, 
and  to  others  which  pass  across  the  mesial  plane  to  the 
opposite  corpus  restiforme. 

PONS. 

The  Pons  Yaholii  or  Bridge  (Figs.  78,  94),  is  cuboidal 
in  form:  its  anterior  surface  rests  upon  the  dorsum 
seUae  of  the  sphenoid  bone,  and  is  marked  by  a  median 
longitudinal  groove ;  its  inferior  surface  receives  the  pyra- 
midal and  olivary  tracts  of  the  medulla  oblongata ;  at  its 
superior  surface  are  the  two  crura  cerebri;  each  lateral 
surface  is  in  relation  to  a  hemisphere  of  the  cerebellum, 
and  a  peduncle  passes  from  the  pons  into  the  interior  of 
each  hemisphere ;  the  posterior  surface  forms  in  part  the 
upper  portion  of  the  floor  of  the  4th  ventricle,  and  in  part 
is  in  contact  with  the  corpora  quadrigemina. 

The  pons  consists  of  white  and  grey  matter.    The  nerve 
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fibres  of  the  white  matter  pass  througli  the  substance  of 
the  pons,  either  in  a  transverse  or  a  longitudinal  direction. 
The  transverse  fibres  go  from  one  hemisphere  of  the 
cerebellum  to  that  of  the  opposite  side ;  some  are  situated 
on  the  anterior  surface  of  the  pons,  and  form  its  superficial 
transverse  fibres,  wMlst  others  pass  through  its  substance 
and  form  the  deep  transverse  fibres.  The  transverse  fibres 
of  the  pons  constitute,  therefore,  the  commissural  or 
connecting  arrangement  by  which  the  two  hemispheres  of 
the  cerebellum  become  anatomically  continuous  with  each 
other.  The  longitudinal  fibres  of  the  pons  ascend  or  pass 
vertically  upwards  from  the  medulla  oblongata,  and  consist 
of  the  fibres  of  the  anterior  pyramids,  olivary  fasciculi, 
fasciculi  teretes,  and  posterior  pyramids.  They  leave  the 
pons  by  emerging  from  its  upper  surface  as  fibres  of  the 
two  crura  cerebri  The  pons  possesses  a  median  raphe 
continuous  with  that  of  the  medulla  oblongata,  and  formed 
like  it  by  a  decussation  of  fibres  in  the  mesial  plane. 

The  grey  matter  of  the  pons  is  scattered  irregularly 
through  its  substance,  and  appears  on  its  posterior  surface, 
but  not  on  the  anterior  surface,  which  is  composed  exclu- 
sively of  the  superficial  transverse  fibres.  It  is  traversed 
both  by  the  longitudinal  and  deep  transverse  fibres,  which 
form  a  well-defined  formatio  reticularis.  To  a  portion  of 
grey  matter,  containing  nerve  cells  charged  with  dark 
pigment,  the  name  of  locus  cceruleus  is  applied.  The  locus 
lies  on  the  floor  of  the  4th  ventricle,  close  to  the  entrance 
to  the  aqueduct  of  Sylvius,  and  serves  as  the  origin  of  the 
sensory  root  of  the  5th,  and  perhaps  of  the  posterior  root  of 
the  4th  cranial  nerve.  The  nerve  cells  of  the  pons  are  multi- 
polar and  stellate.    The  pons  acts  as  a  conductor  of 
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impressions  through  its  nerve  fibres,  and  as  a  centre  of 
origin  of  nerve  fibres  from  nerve  cells.  Meynert  states  tbat 
some  of  the  fibres  of  the  crura  cerebri  end  in  the  nerve 
cells  of  the  pons,  which  cells  again  give  origin  to  fibres 
that  pass  outwards  to  the  cerebellum. 


CEREBELLUM. 


The  Cerebellum,  Little  Brain,  or  After  Brain 
(Figs.  81,  91),  occupies  the  inferior  pair  of  occipital  fossae, 
and,  along  with,  the  pons  and  medulla  oblongata,  lies  below 
the  plane  of  the  tentorium  cerebelli.  It  consists  of  two  hemi- 
spheres or  lateral  lobes,  and  of  a  median  or  centrallobe,  which 
in  human  anatomy  is  called  the  vermiform  process.    It  is 
connected  belowwith  the  meduUa  oblongata  by  the  two  resti- 
f orm  bodies  which  form  its  inferior  peduncles,  and  above  to 
the  corpora  quadrigemina  of  the  cerebrum  by  two  bands, 
which  form  its  superior  peduncles;  whUst  the  two  hemi- 
spheres are  connected  together  by  the  transverse  fibres  of  the 
pons,  which  form  the  middle  pedimcles  of  the  cerebellum. 
On  the  superior  or  tentorial  surface  of  the  cerebeUum  the 
median  or  vermiform  lobe  is  a  mere  elevation  (Fig.  91  v), 
but  on  its  inferior  or  occipital  surface  this  lobe  forms  a 
well-defined  inferior  vermiform  process,  which  lies  at  the 
bottom  of  a  deep  fossa  or  vallecula  (Fig.  81) ;  this  fossa  i^ 
prolonged  to  the  posterior  border  of  the  cerebellum,  and 
forms  there  a  deep  notch  wHch  separates  the  two  hemi- 
spheres from  each  other;  in  this  notch  the  falx  cerebeUi  is 
lodged     Extending   horizontally  backwards  from  the 
middle  cerebral  peduncle,  along  the  outer  border  of  each 
hemisphere  is  the  great  horizontal  fissure,  which  divides 
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the  cerebellum  into  its  tentorial  and  occipital  surfaces. 
The  tentorial  surface  is  subdivided  by  fissures  into  two 
smaller  lobes,  named  superior  anterior  and  superior  pos- 
terior. The  occipital  surface  is  also  subdivided.  In  each 
hemisphere  may  be  seen  from  behind  forwards  the  posterior 


Fio.  81.— Occipital  surface  of  Cerebellum,  a,  vallecula ;  6,  pyramid ;  c,  uvula ! 
d,  nodule;  e,  e,  margin  of  tentorial  surface;  f,f,  great  horizontal  fissure  i 
fir,  posterior  inferior  lobes ;  hji,  slender  lobes ;  *,  i,  biventral  lobes;  I,  tonsil; 
m,  flocculus ;  n,  posterior  medullary  velum ;  o,  cut  surface  from  which  the  left 
tonsil  has  been  detached. 


inferior  lobe,  the  slmder  lobe,  the  hiventral  lobe,  and  the 
flocculus,  which  last  named  is  situated  immediately  behind 
the  middle  peduncle  of  the  cerebellum.  Immediately 
internal  to  the  biventral  lobe  is  the  amygdala  or  tonsil,  which 
forms  the  lateral  boundary  of  the  anterior  part  of  the  valle- 
cula. The  inferior  vermiform  process  is  subdivided  into  a 
posterior  part  or  pyramid  ;  an  elevation  or  uvula,  situated 
between  the  two  tonsils  ;  and  an  anterior  pointed  process 
or  nodule.  Stretching  between  the  two  flocculi,  and 
attached  midway  to  the  sides  of  the  nodule,  is  a  thin, 
white,  semilunar-shaped  plate  of  nervous  matter,  called  the 
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posterior  medullary  velum,  wMlst  the  layer  of  grey  matter 
stretching  between  the  uvula  and  tonsil  on  each  side  is 
called  the  furrowed  hand. 

The  whole  outer  surface  of  the  cerebeUum  possesses  a 
characteristic  foMated  or  laminated  appearance,  due  to  its 
subdivision  into  multitudes  of  thin  plates  or  lameU^  by 
numerous  fissures.    The  cerebeUum  consists  both  of  grey 
and  white  matter.    The  grey  matter  forms  the  exterior  or 
cortex  of  the  lameUse,  and  passes  from  one  to  the  other 
across  the  bottom  of  the  several  fissures.    The  white 
matter  Ues  in  the  interior  of  the  organ,  and  extends  into 
the  core  of  each  lameUa.    When  a  vertical  section  is  made 
through  the  organ,  the  prolongations  of  white  matter 
branching  off  into  the  interior  of  the  several  lameUse  give 
to  the  section  an  arborescent  appearance,  known  by  the 
fanciful  name  of  arhor  vitm  (Fig.  83).  Independent 
masses  of  grey  matter  are,  however,  found  in  the  interior 
of  the  cerebeUum.    If  the  hemisphere  be  cut  through  a 
little  to  the  outer  side  of  the  median  lobe,  a  zig-zag  arrange- 
ment of  grey  matter,  similar  in  appearance  and  structure 
to  the  nucleus  of  the  oUvary  body  in  the  meduUa  oblongata, 
and  known  as  the  corpus  dentatum  of  the  cerebeUum,  is 
seen;  it  Ues  in  the  midst  of  the  white  core  of  the  hemi- 
sphere, and  encloses  white  fibres,  which  leave  the  interior 
of  the  'corpus  at  its  inner  and  lower  side.    StiUing  has  de- 
scribed in  connection  with  the  anterior  end  of  the  m- 
ferior  vermiform  process,  which  projects  forwards  into  the 
valve  of  Vieussens,  and  aids  in  the  formation  of  the  roof 
of  the  4th  ventricle,  two  grey  masses,  named  roof  nuclei. 
They  possess  flask-shaped  nerve  cells  Uke  those  of  the 
corpus  dentatum. 
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The  white  matter  is  more  abundant  in  tlie  hemispheres 
than  in  the  median  lobe,  and  is  for  the  most  part  directly- 
continuous  with  the  fibres  of  the  peduncles  of  the  cere- 
bellum.   Thus  the  restiform  or  inferior  peduncles  pass 
from  below  upwards  through  the  white  core,  to  end  in  the 
grey  matter  of  the  tentorial  surface  of  the  cerebellum, 
more  especially  in  that  of  the  median  lobe ;  on  their  way 
they  are  connected  with  the  grey  matter  both  of  the 
corpus  dentatum  and  of  the  roof  nuclei.    The  superior 
peduncles,  which  descend  from  the  corpora  quadrigemina  of 
the  cerebrum,  reach  the  grey  cortical  matter,  more  especially 
on  the  inferior  surface  of  the  cerebellum,  though  they  also 
form  connections  with  the  corpus  dentatum.    The  middle 
peduncles  form  a  large  proportion  of  the  white  core,  and 
their  fibres  terminate  in  the  grey  matter  of  the  foliated 
cortex  of  the  hemispheres.    But,  in  addition  to  these 
peduncular  fibres,  which  connect  the  cerebellum  to  other 
subdivisions  of  the  encephalon,  its  white  matter  contains 
fibres  proper  to  the  cerebellum  itself.    The  fibrce  proprice 
have  been  especiaUy  described  by  Stilling ;  some,  which  he 
has  termed  the  median  fasciculi,  lie  near  the  mesial  plane, 
and  connect  the  grey  matter  on  the  tentorial  aspect  of  the 
middle  lobe  with  that  of  the  inferior  vermiform  process, 
whilst  others  cross  directly  the  mesial  plane  to  unite  opposite 
and  symmetrical  regions  of  the  hemispheres.   Further,  the 
auditory  nerve  was  said  by  Foville  to  derive  some  of  its 
fibres  of  origin  from  the  cerebeUum ;  the  connection  of  tHs 
nerve  with  the  cerebellum  has  been  strongly  insisted  on  by 
Meynert,  and  this  anatomist  has  also  ascribed  a  cerebellar 
ongm  to  a  portion  of  the  sensory  root  of  the  5th  cranial 
nerve. 
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The  grey  matter  of  the  cortex  is  divided  into  two  well- 
defined  layers,  an  external  grey  or  cellular  layer,  and  an 
inner  rust  coloured  layer  of  about  equal  thickness.  The 
rust  coloured  layer  is  distinguished  by  containing  multi- 
tudes of  so  called  "granules,"  the  well-defined  nucleus  in 
which,  as  described  by  Strachan,  is  invested  by  a  small 


Fig.  82.-Vertical  section  through  a  folii™  «f 'he  Cerebellum    0  outer^^^^^^^^^ 
grey  matter,  in  which  are  the  corpuscles  of  Purkmje  ;  I, 
layer :  F,  fibres  of  the  white  core ;  V,  V,  vessels  ui  the  pia  ma  er.    A  a  more 
hilw  magnified  view  of  the  "granules"  of  the  rust-coloui-ed  layer  to  show 
the  branched  protoplasm. 

quantity  of  branched  protoplasm.  These  "  granules  "  are, 
therefore,  minute  stellate  ceUs.  The  rust  coloured  layer 
is  at  least  twice  as  thick  in  that  part  of  each  cerebeUar 
leaflet  which  Hes  next  the  surface,  as  opposite  the  bottom 
of  a  fissure  between  adjacent  leaflets  (Fig.  82).  The 
characteristic  nerve  cells  of  the  cerebellum,  named  the 


THE  BEAIN — CEREBELLUM. 


259 


corptiscles  of  Purhinje,  are  situated  in  the  grey  cellular 
layer.    The  body  of  each  ceil  lies  close  to  the  junction  of 
the  cellular  and  rust  coloured  layers  with  each  other,  and 
the  slender  central  process  arising  from  each  cell  enters  the 
rust  coloured  layer,  and,  as  the  observations  of  Hadlich 
and  Koschennikoff  show,  becomes  continuous  with  the 
axial  cylinder  of  a  medullated  nerve  fibre ;  for  the  nerve 
fibres  of  the  white  core  enter  this  layer,  divide  into  minute 
fibres,  and  ramify  amidst  the  graniiles.    From  the  oppo- 
site aspect  of  each  cell  two  peripheral  processes  arise, 
and  ramify  in  an  antler-like  manner  in  the  external  grey 
layer.    Obersteiner  and  Hadlich  maintain  that  the  finer 
branches  of  these  processes  curve  back  towards  the  rust 
coloured  layer,  where,  according  to  BoU,  they  form  a  net- 
work of  extreme  minuteness,  from  which  it  is  believed 
that  nerve  fibres  may  arise.    The  substratum  of  the  grey 
layer,  in  which  the  branched  processes  of  the  cells  of 
Purkinje  lie,  consists  of  a  very  delicate  neuroglia,  in  which 
scattered  corpuscles  are  imbedded ;  but,  in  the  outer  part 
of  this  layer,  delicate  supporting  connective  tissue-like 
fibres  are  also  met  with.    The  blood-vessels  of  the  invest- 
ing pia  mater  pass  into  the  cellular  layer  of  grey  matter 
and  form  in  it  a  rich  capillary  plexus.    Some  pass  through 
the  cellular  into  the  rust  coloured  layer,  where  they  also 
form  a  rich  capillary  network,  and  from  them  smaller 
vessels  are  prolonged  into  the  white  core,  the  vascularity 
of  which  is  comparatively  feeble. 

The  FouHh  Ventricle  is  the  dilated  upper  end  of  the  cen- 
tral canal  of  the  medulla  oblongata.  Its  shape  is  IHce  an 
heraldic  lozenge.  Its  floor  is  formed  by  the  grey  matter  of 
the  posterior  surfaces  of  the  medulla  oblongata  and  pons; 
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its  roof  partly  by  the  inferior  vermiform  process  of  the  cere- 
bellum, the  nodule  of  which  projects  into  its  cavity,  and 
partly  by  a  thin  layer,  called  valve  of  Vieussens,  or  anterior 
medullary  velum;  its  lower  lateral  boundaries,  by  the  diver- 
gent restif orm  bodies  and  posterior  pyramids ;  its  upper 
lateral  boundaries,  by  the  superior  peduncles  of  the  cere- 
bellum; the  reflection  of  the  arachnoid  membrane  from  the 


Fig.  83 -Floor  of  the  Fourth  Ventricle  and  adjacent  structures.  1,  pmeal 
Ehmd;  2  the  nates,  and  3,  the  testes  of  the  =o>Tora  quadrigem  ua ,  4,  4, 
peduncles,  5,  5,  superior  peduncles  9,  9,  '^fenpr  pedme^es  of  the 
Srebellum  or  restiform  bodies;  6,  6,  valve  of  Vieussens  divided;  7  7,  f"scicwi 
?eretes!  8  8  rootsof  the  auditory  nerves;  9',  corpus  dentatum;  10.  10,  pos 
terior  pyramids;  11,  calamus  scriptorius. 

back  of  the  meduUa  to  the  inferior  vermiform  process  closes 
it  in  below  ;  above,  it  communicates  with  the  aqueduct  of 
Sylvius  which  is  tunneUed  through  the  substance  of  the 
corpora  quadrigemina.  Along  the  centre  of  the  floor  is 
the  median  furrow,  which  terminates  below  in  a  pen-shaped 
form  the  so-called  calamus  scriptorius.  Situated  on  its 
floor  are  the  fascicuH  teretes,  strise  acousticte,  and  deposits 
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of  grey  matter  described  in  connection  witli  the  medulla 
oblongata.  Its  epithelial  lining  is  continuous  with,  that  of 
the  central  canal.  Magendie  many  years  ago  pointed  out 
that  the  cavity  of  the  4th  ventricle  communicated  below- 
through  a  small  orifice  with  the  sub-arachnoid  space.  Key 
and  Eetzius  have  recently  described  two  additional  com- 
munications, one  on  each  side  of  the  anterior  part  of  the 
floor  of  the  ventricle.  Through  these  openings  vascular 
folds  of  the  pia  mater,  named  the  choroid  plexuses  of  the 
4th  ventricle,  enter  its  cavity. 


CEEEBEUM. 


The  Cerebrum  or  Great  Brain  lies  above  the  plane 
of  the  tentorium,  and  forms  much  the  largest  division  of 
the  encephalon.  It  is  customary  in  human  anatomy  to 
include  under  the  name  of  cerebrum,  not  only  the  convo- 
lutions, the  corpora  striata,  and  the  optic  thalami,  developed 
in  the  anterior  cerebral  vesicle,  but  also  the  corpora  quadri- 
gemina  and  crura  cerebri  developed  in  the  middle  cerebral 
vesicle.  The  cerebrum  is  ovoid  in  shape,  and  presents 
superiorly,  anteriorly,  and  posteriorly  a  deep  median  longitv. 
dinal  fissure,  which  subdivides  it  into  two  hemispheres. 
Inferiorly  there  is  a  continuity  of  structure  between  the 
two  hemispheres  across  the  mesial  plane,  and  if  the  two 
hemispheres  be  drawn  asunder  by  opening  out  the  longi- 
tudinal fissure,  a  broad  white  band,  the  ccrrious  callosum, 
may  be  seen  at  the  bottom  of  that  fissure  passing  across  the 
mesial  plane  from  one  hemisphere  to  the  other.  The  outer 
surface  of  each  hemisphere  is  convex,  and  adapted  in  shape 
to  the  concavity  of  the  inner  table  of  the  cranial  bones. 
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Its  inner  surface,  which  forms  the  sides  of  the  longitudinal 
fissure,  is  flat  and  is  separated  from  the  opposite  hemi- 
sphere by  the  f alx  cerebri.   Its  under  surface,  where  it  rests 
on  the  tentorium,  is  concave,  and  is  separated  by  that 
membrane  from  the  cerebellum  and  pons.    From  the  front 
of  the  pons  two  strong  white  bands,  the  crura  cereh-i  or  cere- 
bral peduncles,  pass  forwards  and  upwards  to  enter  the  optic 
thalami  in  their  respective  hemispheres.    Winding  round 
the  outer  side  of  each  eras  is  a  flat  white  band,  the  o2ytic 
tract.    These  tracts  converge  in  front,  and  join  to  form 
the  02Jtic  commissure,  from  which  the  two  oj^tic  nerves  arise. 
The  crura  cerebri,  optic  tracts,  and  optic  commissure  enclose 
a  lozenge-shaped  space,  which  includes  from  behind  for- 
wards—a, a  grey  layer,  caUed  pons  Tarini,  which,  from 
being  perforated  by  several  smaU  arteries,  is  often  called 
locus  perfm-atus  posticus;  h,  two  white  mammillae,  the  cor- 
pora alUcantia;  c,  a  grey  nodule,  the  tuber  dnereum,  from 
which,  d,  the  infundibulum  projects  to  join  the  pituitary 
body.    Immediately  in  front  of  the  optic  commissure  is  a 
grey  layer,  the  lamina  cinerea  or  lamina  terminalis  of  the 
3d  ventricle;  and  between  the  optic  commissure  and  the 
inner  end  of  each  Sylvian  fissure  is  a  grey  spot  perforated 
by  smaU  arteries,  the  locus  perforatus  anticus. 

The  peripheral  part  of  each  hemisphere,  which  consists 
of  grey  matter,  exhibits  a  characteristic  folded  appearance, 
known  as  the  convolutions  or  gyri  of  the  cerebram.  These 
convolutions  are  separated  from  each  other  by  fissures  or 
^Ici,  some  of  which  are  considered  to  subdivide  the  hemi- 
sphere into  lobes,  whilst  others  separate  the  convolutions 
in  each  lobe  from  each  other.  In  each  hemisphere  of  the 
human  brain  five  lobes  are  recognised :  the  temporo-sphe- 
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noidal,  frontal,  parietal,  occipital,  and  the  central  lobe  or 
insula.  Passing  obliquely  along  tbe  outer  face  of  the  hemi- 
sphere from  before,  upwards  and  backwards,  is  the  well- 
marked  Sylvian  fissure,  which  is  the  first  to  appear  in  the 
development  of  the  hemisphere.  Below  it  lies  the  tem- 
poro-sphenoidal  lobe,  and  above  and  in  front  of  it,  the 
parietal  and  frontal  lobes.  The  frontal  lobe  is  separated 
from  the  parietal  by  the  fissure  of  Rolando,  which  extends 
on  the  outer  face  of  the  hemisphere  from  the  longitudinal 
fissure  obHquely  downwards  and  forwards  towards  the 
Sylvian  fissure.  About  two  inches  from  the  hinder  end 
of  the  hemisphere  is  the  parieto-occipital  fissure,  which, 
commencing  at  the  longitudinal  fissure,  passes  down  the 
inner  surface  of  the  hemisphere,  and  also  transversely  out- 
wards for  a  short  distance  on  the  outer  surface  of  the  hemi- 
sphere; it  separates  the  parietal  and  occipital  lobes  from 
each  other. 

The  Temporo-Sphenoidal  Lobe  (Figs.  84,  86)  presents 
on  the  outer  surface  of  the  hemisphere  three  convolutions, 
arranged  in  parallel  tiers  from  above  downwards,  and 
named  superior,  middle,  and  inferior  tem2ooro-sphenoidal 
convolutions.  The  fissure  which  separates  the  superior 
and  middle  of  these  convolutions  is  called  the  parallel 
fissure.  The  Occipital  Lohe  also  consists  from  above 
downwards  of  three  parallel  convolutions,  named  su2)erior, 
middle,  and  inferior  occipital.  The  Frontal  Lobe  is  more 
complex;  immediately  in  front  of  the  fissure  of  Rolando, 
and  forming  indeed  its  anterior  boundary,  is  a  convo- 
lution named  ascending  frontal,  which  ascends  obliquely 
backwards  and  upwards  from  the  Sylvian  to  the  longi- 
tudmal  fissure.    Springing  from  the  front  of  this  con- 
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volution,  and  passing  forwards  to  the  anterior  end  of  the 
cerebrum,  are  three  convolutions,  arranged  in  parallel  tiers 
from  above  downwards,  and  named  su2yerior,  middle,  and 
inferior  frontal  convolutions,  which  are  also  prolonged  on 
to  the  orbital  face  of  the  frontal  lobe,  which  rests  on  the 
orbital  plate  of  the  frontal  bone.  The  Parietal  Lobe 
is  also  complex ;  its  most  anterior  convolution,  named 
ascending  'parietal,  ascends  parallel  to  and  immediately 
behind  the  fissure  of  Kolando.  Springing  from  the  upper 
end  of  the  back  of  this  convolution  is  the  postero-parietal 
convolution,  which,  forming  the  boundary  of  the  longitudinal 
fissure,  extends  as  far  back  as  the  parieto-occipital  fissure ; 
springing  from  the  lower  end  of  the  back  of  this  convo- 
lution is  the  swpra-marginal  convolution,  which  forms  the 
upper  boundary  of  the  hinder  part  of  the  Sylvian  fissure ; 
as  this  gyrus  occupies  the  hollow  in  the  parietal  bone, 
which  corresponds  to  the  parietal  eminence,  it  may  appro- 
priately be  named  the  convohition  of  the  parietal  eminence. 


Fig.  84. 
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Fios.  84  and  85.— Profile  and  vertex  views  of  Cerebmm.  Fr,  the  frontal  lobe- 
Par  parietal;  Oc,  occipital;  7S,  temporo-splienoidal  lobe;  SS,  Sylvian  fissure;' 
RR,  fissure  of  Rolando;  PO,  parieto-occipital  fissure ;  IP,  intra-parietal  fissure 
fnf  "'irallel  fissure;  SF  and  IF,  supero- and  infero-frontal  fissures;  1,  1  1 
V'  ?•  and  3,  3,  3,  superior  frontal  convolutions;  4,  4 

anfl  fi  fi"fn^°?  convolution;  5,  5,  5,  ascending  parietal,  5',  postero-p^vietal 
pmin.^  '  a°g?la"onvolutions;  A,  supra-marginal,  or  convolution  of  the  parieta 
sXnn?rt„i  I'  ^'/JiP'^rior  8,  8,  8,  middle,  and  9,  9,  9,  inferior  temporo- 
sphenoidal  convolutions;  10,  superior,  11,  middle,  and  12,  inferior  occipital 
convolutions ;  a,  ft,  y,  6,  four  annectent  convolutions. 

Continuous  with  the  convolution  of  the  parietal  eminence 
IS  the  angular  convolution,  which  bends  round  the  posterior 
extremity  of  the  Sylvian  fissure.  Lying  in  the  parietal  lobe 
IS  the  *ra<m-;5aneta^^ssMr-e,  which  separates  the  convolution 
of  the  parietal  eminence  from  the  postero-parietal  con- 
volution. The  occipital  is  connected  with  the  parietal  lobe 
by  two  annectent  or  bridging  gyri,  which  bridge  across  the 
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transverse  external  part  of  the  parieto-occipital  fissure  ;  the 
depth  and  extent  of  this  fissure  vary  in  different  brains  in 


Fig.  86.— Side  view  of  the  Brain  in  the  skull.^ 


1  The  above  view  of  the  bram  in  situ,  shows  the  relations  of  the  sur- 
face convolutions  to  the  regions  of  the  skuU.  R,  fissui-e  of  Eolando, 
which  separates  the  frontal  from  the  parietal  lobe.  PO,  parieto-occi- 
pital fissure  between  the  parietal  and  occipital  lobes.  SS,  fissure  of 
Sylvius,  which  separates  the  temporo-sphenoidal  from  the  frontal  and 
parietal  lobes.  The  frontal  area  Ues  in  front  of  the  coronal  suture. 
SF  MF  IF,  the  supero-,  mid-,  and  infero-frontal  subdivisions  of  the 
frontal  'area  of  the  skull ;  the  letters  are  placed  on  the  superior, 
middle,  and  inferior  frontal  convolutions ;  the  inferior  frontal  region 
is  separated  from  the  middle  frontal  by  the  frontal  Ipart  of  the  curved 
line  of  the  temporal  ridge;  the  mid-  from  the  supero-frontal  by  a  line 
drawn  backwards  from  the  upper  margin  of  the  orbit  thi-ougli  the 
frontal  eminence.  SAP,  the  supero-antero-parietal  ai-ea  of  the  skuU; 
S  is  placed  on  the  ascending  parietal  convolution,  AP  on  the  ascending 
frontal  convolution.  lAP,  the  infero-antero-parietal  area  of  the  skull; 
I  is  placed  on  the  ascending  parietal,  AP  on  the  ascending  frontal  con- 
volution SPP,  the  supero-postero-parietal  area  of  the  skull ;  the 
letters  are  placed  on  the  angular  convolution.     IPP.  the  infero- 
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proportion  to  the  size  of  these  bridging  convolutions.  The 
superior  annectent  gyrus  passes  between  the  postero-parietal 
and  the  superior  occipital  convolutions,  whUst  the  second  avr 
nectent  gyrus  connects  the  middle  occipital  with  the  angular 
gyrus.  Two  annectent  gyri  also  pass  from  the  inferior  occi- 
pital convolution  to  the  lower  convolutions  of  the  temporo- 
sphenoidal  lobe.  These  lobes  of  the  cerebrum,  though 
named  after  the  bones  which  form  the  vault  of  the  skull,  are 
not  exactly  co-terminous  with  them  (Fig.  86).  The  frontal 
lobe  not  only  lies  under  cover  of  the  frontal  bone,  but  ex- 
tends backwards  under  the  anterior  part  of  the  parietal ;  for 
the  fissure  of  Kolando,  which  forms  its  posterior  boundary, 
lies  from  1|-  to  2  inches  behind  the  coronal  suture.  The 
occipital  lobe  is  not  limited  to  the  upper  tabular  part  of 
the  occipital  bone,  but  extends  forwards  under  cover  of  the 
posterior  part  of  the  parietal,  for  the  parieto-occipital  fissure 
lies  about  |  inch  in  front  of  the  apex  of  the  lambdoidal 
fissure.  The  temporo-sphenoidal  lobe  not  only  lies  under 
the  squamous-temporal  and  great  wing  of  the  sphenoid,  but 
passes  upwards  under  cover  of  the  lower  part  of  the  parietal, 
for  the  Sylvian  fissure  passes  from  below  obliquely  upwards 

postero-parietal  area  of  the  skull ;  the  letters  are  placed  on  the  mid- 
temporo-sphenoidal  convolution ;  the  temporal  ridge  separates  the  supero- 
and  infero-parietal  regions  from  each  other ;  a  vertical  line  drawn  from 
the  squamous  to  the  sagittal  suture  through  the  parietal  eminence 
separates  the  antero-  and  postero-parietal  regions.  X,  the  convolution  of 
the  parietal  eminence,  or  supra-marginal  gyrus.  0,  the  occipital  area 
of  the  skuU  lies  helow  the  lambdoidal  suture;  the  letter  is  placed 
on  the  mid-occipital  convolution.  Sq,  the  squamoso-temporal  region 
of  the  skull ;  the  letters  are  placed  on  the  mid-temporo-sphenoidal  con- 
volution. AS,  the  ali- sphenoid  region  of  the  skull ;  the  letters  are 
placed  on  the  tip  of  the  supero-temporo-sphenoidal  convolution'  The 
black  lines  mark  the  houndaries  of  the  different  cranial  areas. 
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and  backwards  across  tlie  line  of  the  squamous  suture  near 
its  middle.  The  area  covered  by  the  parietal  bone  so  far 
then,  from  being  co-terminous  with  the  parietal  lobe  of  the 

cerebrum,  is  trench- 
ed on  anteriorly  by 
the  frontal,  poste- 
riorly by  the  occi- 
pital, and  inferiorly 
by  the  temporo- 
sphenoidal  lobe. 
The  convolutions  of 
the  parietal  lobe 
itself  are  grouped 
around  the  parietal 
eminence,  and  in 
the  interval  between 
it  and  the  sagittal 
suture.  The  inner 
table  of  the  cranial 
bones  is  an  almost 
exact  mould  of  the 

Fig  87.-Orbital  surface  of  the  left  frontal  lobe  convolutions  of  these 

and  the  island  of  ReU;  the  tip  of  the  tempore-  i  ,  -i    ,     .i  -  • 

sphenoidal  lohe  has  been  removed  to  display  the  10  DCS  ,  OUT-  LUiti  i& 
latter.   17,  convolution  of  the  margin  of  the  longi- 

tudinal  fissure;  0,  olfactory  fissure,  over  which  nOt  SO  WltU  tUC  CX- 
the  olfactory  pedimcle  and  lobe  are  situated;  . 

TR  tri-radiate  fissure ;  1"1"',  convolutions  on  the  tcriOr  01  tlie  SKUJi, 
orbital  surface ;  1,  1,  1, 1,  under  surface  of  infero-  n         i.-  f 

frontal  convolution ;  4,  under  surface  of  ascend-  the  Configuration  01 
ine  frontal,  and  5,  of  ascending  parietal  convolu-  _ 

tions;  C,  central  lobe  or  insula.  whlch    IS  mOQinea 

by  the  formation  of  ridges  and  processes  for  the  attach- 
ment of  muscles,  by  variations  in  the  thickness  of  the 
diploe,  and  by  the  development  of  the  frontal  and  mas- 
toid air-sinuses.    Hence  the  outer  surface  of  the  skull 
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does  not  correspond  in  shape  to  the  outside  of  the 
brain. 

The  Central  Lobe  of  the  hemisphere,  more  usually  called 
the  insula  or  island  of  Reil  (Fig.  87,  C),  does  not  come  to  the 
surface  of  the  hemisphere,  but  lies  deeply  within  the  Sylvian 
fissure,  the  convolutions  forming  the  margin  of  which  con- 
ceal it.  It  consists  of  four  or  five  short  convolutions,  which 
radiate  from  the  locus  perforatus  anticus,  situated  at  the 
inner  end  of  the  fissure.  This  lobe  is  almost  entirely  sur- 
rounded by  a  deep  sulcus,  which  insulates  it  from  the  adja- 
cent convolutions.  It  lies  opposite  the  upper  part  of  the 
alisphenoid,  where  it  articulates  with  the  parietal  and  squa- 
mous-temporal. 

If  the  convolutions  on  the  outer  face  of  the  hemisphere 
be  now  examined,  not  so  much  with  reference  to  their 
disposition  in  the  individual  lobes  as  to  their  general 
arrangement,  and  the  fissure  of  Kolando  be  taken  as  the 
starting  line,  it  wiU'  be  seen  that  a  well-defined  convolu- 
tion extends  in  the  vertical  transverse  direction  immediately 
in  front  of,  and  a  second  immediately  behind,  that  fissure, 
from  the  margin  of  the  longitudinal  fissure  downwards  and 
outwards  to  that  of  Sylvius.  These.,  are  the  ascending 
frontal  and  parietal  gyri.  From  the  anterior  of  these  gyri 
the  convolutions  extend  in  the  postero-anterior  direction 
to  the  anterior  end  of  the  cerebrum,  and  form  the  three 
tiers  (more  or  less  distinct  in  different  individuals)  of  the 
frontal  gyri.  From  the  posterior  of  these  gyri,  also,  con- 
volutions extend  in  the  antero-posterior  direction  as  far  as 
the  posterior  end  of  the  cerebrum,  but  their  separation 
into  tiers  is  not  so  clearly  marked  as  in  the  anterior  group. 
Stm  we  may  regard  the  postero-parietal  lobule,  the  first 
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annectent  gyrus,  and  the  superior  occipital  convolution, 
which,  are  continuous  with  each  other,  as  forming  collec- 
tively a  superior  tier.  The  supra-marginal  convolution,  the 
angular  gyrus,  the  second  annectent,  and  middle  occipital 
gyri,  may  be  looked  upon  as  members  of  a  second  or  in- 
ferior tier,  though  their  foldings  are  often  so  complex  as 
to  add  materially  to  the  difficulty  of  determining  their 
continuity.  The  gyri  of  the  temporo-sphenoidal  lobe, 
again,  are  characterised  by  their  correspondence  in  direc- 
tion with  the  horizontal  limb  of  the  Sylvian  fissure,  below 
which  they  lie.  By  their  upper  ends  they  blend  with  the 
middle  and  inferior  occipital  gyri,  and  with  the  angular 
gyrus  of  the  parietal  lobe,  and  thus,  as  it  were,  continue 
the  posterior  convolutions  of  the  inferior  tier  downwards 
and  forwards  to  the  tip  of  the  temporo-sphenoidal  lobe. 

In  this  manner  the  convolutions  just  referred  to  are  so 
associated  together  as  to  be  grouped  around,  and  form,  if 
one  may  so  express  it,  a  cap  or  hood,  which  encloses  the 
convolutions  of  the  central  lobe  or  island  of  ReU ;  and  this 
in  so  effectual  a  manner,  that  it  is  rare  to  find  any  of  that 
structure  exposed.  It  is  by  the  great  development  of  the 
inferior  frontal  gyrus,  the  lower  ends  of  the  two  ascending 
convolutions,  the  supra-marginal  convolution,  the  angular 
and  inferior  temporo-sphenoidal  gyri,  that  the  Hps  of  the 
Sylvian  fissure  are  so  closely  approximated,  that  the  island 
is  completely  concealed  within  it. 

Convolutions  also  exist  on  the  inner  surface  of  the 
hemisphere,  and  on  the  under  surface  which  rests  on  the 
tentorium,  but  these  have  no  relation  to  the  bones  of  the 
cranial  vault.  They  may  be  studied  in  connection  with 
the  corpus  caUosum  or  great  transverse  commissure,  which 
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connects  the  two  hemispheres,  and  with  certain  fissures 
situated  on  these  surfaces  of  the  hemisphere.    The  small 
convolutions  which  lie  behind  the  internal  part  of  the 
parieto-occipital  fissure  form  the  inner  convolutions  of  the 
occipital  lobe,  or  the  occipital  lobule  (Fig.  88).  Those  which 
lie  immediately  in  front  of  the  same  fissure  belong  to  the 
inner  face  of  the  parietal  lobe,  and  form  the  quadrilateral 
lobule.    It  is  customary,  however,  to  name  the  convolution 
which  extends  forwards  from  the  parieto-occipital  fissure 
along  the  margin  of  the  longitudinal  fissure  to  the  anterior 
end  of  the"  hemisphere,  and  which  then  turns  back  to  the 
locus  perforatus  anticus,  as  the  marginal  convolution.  This 
is  separated  by  a  fissure  called  calloso-marginal,  from  the 
callosal  convolution  or  gyriis  fornicatus,  which,  commencing 
at  the  locus  perforatus  anticus,  turns  round  the  anterior 
end  of  the  corpus  callosum,  extends  parallel  to  its  upper 
surface,  and  then  turns  round  its  posterior  end.    It  is 
separated  from  the  corpus  callosum  by  the  callosal  fissure, 
at  the  bottom  of  which  the  grey  matter  of  the  gyrus  forni- 
catus terminates  in  a  well-defined  edge. 

The  caUosal  convolution  (Fig.  88)  encloses  the  corpus 
callosum  within  the  concavity  of  its  arch,  and  from  its 
direction  is  appropriately  called  fornicatus  (arch-shaped). 
The  posterior  end  of  the  callosal  convolution  curves 
downwards  and  then  forwards,  under  the  name  of  gyrus 
hippocampi,  to  the  tip  of  the  inner  surface  of  the  temporo- 
sphenoidal  lobe.  This  gyrus  is  separated  anteriorly  by  a 
narrow  curved  fissure  called  hippocampal  or  dentate  fissure, 
from  a  white  band,  the  toenia  hippocampi,  which  band 
possesses  a  free  curved  border,  round  which  the  pia  mater 
and  choroidal  artery  enter  the  lateral  ventricle  through  the 
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great  transverse  fissure  of  the  cerebrum.  The  hippocampal 
fissure  is  continuous  round  the  posterior  end  of  the  corpus 
callosum  with  the  callosal  fissure,  and  at  the  bottom  of  the 
hippocampal  fissure  the  grey  matter  of  the  gyrus  hippo- 
campi terminates  in  a  well-defined  dentated  border  (fascia 
dentata).  The  hippocampal  fissure  on  this  surface  of  the 
hemisphere  marks  the  position  of  an  eminence  in  the  de- 
scending cornu  of  the  ventricle  called  hippocampus  major. 
The  gyrus  hippocampi  is  separated  posteriorly  from  the 


Fig  88  —Convolutions  of  the  Inner  and  tentorial  snrfaces  of  the  left  hemi- 
sphere,  i,  i,  i,  caUoso-marginal  fissure;  /,  I,  calcarine fissure ;  m,  m,  hippo- 
campal fissire;  n,  n,  collateral  fissure;  PO,  Paneto-occipital  fissure ;  H^^^ 
marginal  convolution;  18,  18,  gyrus  fomicatus;  18  ,  quadi^^ateral  lohule, 
19,  hippocampal  gyrus;  19',  its  recurved  end;  25,  occipital  lobule;  9,  9,  infe- 
rior temporo-sphenoidal  convolution. 

adjacent  temporo-sphenoidal  convolution  by  a  fissure,  named 
collateral,  which  marks  the  position  on  this  surface  of  the 
hemisphere  of  the  collateral  eminence  in  the  interior  of  the 
ventricle.  From  the  lower  end  of  the  parieto-occipital 
fissure  an  offshoot,  called  the  calcarine  fissure,  passes  almost 
horizontally  backwards  in  the  occipital  lobe,  which  fissure 
marks  on  this  surface  of  the  hemispherethe  eminence  named 
calcar  avis,  or  Uppocampus  minor,  in  the  posterior  cornu  of 
the  ventricle. 
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If  a  horizontal  slice  be  removed  from  the  uj)per  part  of 
each  hemisphere,  the  peripheral  grey  matter  of  the  convo- 
lutions will  be  seen  to  follow  their  various  windings,  whilst 
the  core  of  each  convolution  consists  of  white  matter  con- 
tinuous with  a  mass  of  white  matter  in  the  interior  of  the 
hemisphere.    If  a  deeper  slice  be  now  made  down  to  the 
plane  of  the  corpus  callosum,  the  white  matter  of  that 
structure  will  be  seen  to  be  continuous  with  the  white 
centre  of  each  hemisphere.    The  cm-pus  callosum  does  not 
equal  the  hemispheres  in  length,  but  approaches  nearer  to 
their  anterior  than  their  posterior  ends  (Fig.  89).  It 
terminates  behind  in  a  free  rounded  end,  whilst  in  front  it 
forms  a  knee-shaped  bend,  and  passes  downwards  and 
backwards  as  far  as  the  lamina  cinerea.   It  is  thicker  behind 
than  in  front,  whilst  the  middle  part  is  the  thinnest.  If  the 
dissection  be  performed  on  a  brain  which  has  been  hardened 
m  spirit,  the  corpus  callosum  is  seen  to  consist  of  bundles  of 
nerve  fibres,  ahnost  the  whole  of  which  pass  transversely 
across  the  mesial  plane  between  the  two  hemispheres;  these 
fibres  may  be  traced  into  the  white  cores  and  grey  matter  of 
the  convolutions,  and  apparently  connect  the  corresponding 
convolutions  in  the  opposite  hemispheres.    Hence  the 
corpus  callosum  is  a  connecting  or  commissural  structure, 
which  brings  the  convolutions  of  the  two  hemispheres  int^ 
anatomical  and  physiological  relation  with  each  other.  On 
the  surface  of  the  corpus  callosum  a  few  fibres,  the  striae 
longitudinales,  run  in  the  antero-posterior  or  longitudinal 
direction.    If  the  corpus  callosum  be  now  cut  through  on 
each  side  of  its  mesial  Une,  the  large  cavity  or  lateral 
ventricle  in  each  hemisphere  wiU  be  opened  into. 

The  lateral  ventricle  (Fig.  89)  is  subdivided  into  a  central 
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S2)ace  or  body,  and  three  bent  prolongations  or  cornna  ;  the 
anterior'  cornu  extends  forwards  and  outwards  into  the 
frontal  lobe ;   the  posterior   cornu  curves  backwards. 


v,r  <?q    To  show  tlie  rislit  ventricle  and  the  left  half  of  tlie  Corpus  Callosum. 
lateralis. 

outwards,  and  inwards  into  the  occipital  lobe;  the  de- 
scending cornu  curves  backwards,  outwards,  downwards, 
forwards,  and  inwards,  behind  and  below  the  optic  that 
lamus  into  the  temporo-sphenoidal  lobe.    On  the  floor  of 
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the  central  space  may  be  seen  from  before  backwards  the 
grey  upper  surface  of  the  pear-shaped  corpus  striatum,  and 
to  its  inner  and  posterior  part  a  small  portion  of  the  optic 
thalamus,  whilst  between  the  two  is  the  curved  flat  band, 
the  tomia  semicircularis.  Resting  on  the  upper  surface  of 
the  thalamus  is  the  vascular  fringe  of  the  velum  interposi- 
tum,  named  choroid  plexus,  and  immediately  internal  to 
this  fringe  is  the  free  edge  of  the  white  posterior  pillar  oj 
the  fornix.  The  anterior  cornu  has  the  anterior  end  of  the 
corpus  striatum  projecting  into  it.  The  posterior  cornu 
has  an  elevation  on  its  floor,  the  hippocampus  minor,  and 
between  this  cornu  and  the  descending  cornu  is  the  eleva- 
tion called  eminentia  collateralis. 

Extending  down  the  descending  cornu  and  following 
its  curvature  is  the  hippocampus  major,  which  terminates 
below  in  a  nodular  end,  the  pes  hippocampi  ;  on  its  inner 
border  is  the  white  tcenia  hippocampi,  continuous  above 
with  the  posterior  pillar  of  the  fornix.  If  the  tajuia  be 
drawn  on  one  side  the  hippocampal  fissure  is  exposed,  at 
the  bottom  of  which  the  grey  matter  of  the  gyrus  hippo- 
campi may  be  seen  to  form  a  well-defined  dentated  border 
(the  so-called  fascia  dentata).  The  choroid  plexus  of  the 
pia  mater  turns  round  the  gyrus  hippocampi,  and  enters  the 
descending  cornu  through  the  great  transverse  fissure  be- 
tween the  taenia  hippocampi  and  optic  thalamus.  The 
lateral  ventricle  is  lined  by  a  cyUndrical  epithelium, 
■which  is  in  many  parts  cihated,  and  which  rests  on  a  layer 
of  neuroglia.  This  Hning  is  continuous  through  the  fora- 
men of  Monro  with  that  of  the  third  ventricle,  which 
again  is  continuous  with  the  lining  of  the  fourth  ventricle 
through  the  aqueduct  of  Sylvius.    A  Httle  fluid  is  con- 
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tained  in  the  cerebral  ventricles,  wMcli,  under  some  patho- 
logical conditions,  may  increase  greatly  in  quantity,  so 
as  to  occasion  considerable  dilatation  of  the  ventricular 
cavities. 

If  the  corpus  caUosim  be  now  divided  about  its  middle 


Fin  90 -A  deeper  dissection  of  tlie  lateral  Ventricle,  and  of  f  e  Veltim  Inter- 
no.itum    a   under  surface  of  corpus  callosum,  turned  tack;  6,  6,  postenor 

L^'^tSeSciSrisI  rropUcTalamus'rrc/ir^idple^us;  I  t^nia 
&ip?Wam;i-  "ippocampus  iafor  in  descending  cornu;  n,  h,ppocampu. 
minor ;  o,  eminentia  coUateralis. 

by  a  transverse  incision,  and  the  posterior  half  of  this 
•structure  be  turned  back,  the  body  of  the  fornix  on  which 
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tlie  corpus  callosum  rests  is  exposed.  If  the  anterior  lialf 
of  the  corpus  callosum  be  now  turned  forward,  the  grey 
partition,  or  septum  lucidum,  between  the  two  lateral  ventri- 
cles is  exposed.  This  septum  fits  into  the  interval  between 
the  under  surface  of  the  corpus  callosum  and  the  upper 
surface  of  the  anterior  part  of  the  fornix.  It  consists  of 
two  layers  of  grey  matter,  between  which  is  a  narrow  ver- 
tical mesial  space,  the  Jifih  ventricle.  If  the  septum  be  now 
removed,  the  anterior  part  of  the  fornix  is  brought  into  view. 

The  fornix  or  arch  is  an  arch-shaped  band  of  nerve  fibres 
extending  in  the  antero-posterior  direction.  Its  ante- 
rior end  forms  the  anterior  piers  or  pillars  of  the  arch,  its 
posterior  end  posterior  piers  er  pillars,  whilst  the  inter- 
mediate bodi/  of  the  fornix  forms  the  summit  or  crown  of 
the  arch.  It  consists  of  two  lateral  halves,  one  belonging 
to  each  hemisphere.  At  the  summit  of  the  arch  the  two 
lateral  halves  are  conjoined  to  form  the  body;  but  in  front 
of  the  body  the  two  halves  separate  from  each  other,  and 
form  two  anterior  pillars,  which  descend  in  front  of  the 
third  ventricle  to  the  base  of  the  cerebrum,  where  they 
form  the  corpora' alhicantia,  and  then  enter  the  substance 
of  the  optic  thalamus.  Behind  the  body  the  two  halves 
diverge  much  more  from  each  other,  and  form  the  posterior 
pillars;  each  of  which  curves  downwards  and  outwards 
into  the  descending  cornu  of  the  ventricle,  and,  under  the 
name  of  tcenia  hippocampi,  forms  the  free  border  of  the 
hippocampus  major.  If  the  body  of  the  fornix  be  now 
divided  by  a  transverse  incision,  its  anterior  part  thrown 
forwards,  and  its  posterior  part  backwards,  the  great  trans- 
verse fissure  of  the  cerebrum  is  opened  into,  and  the  velum 
mterpositum  lying  in  that  fissure  is  exposed  (Fig.  90). 
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The  velum  interpositnm  is  an  expanded  fold  of  pia  mater, 
which  passes  into  the  interior  of  the  hemispheres  through 
the  great  transverse  fissure.  It  is  triangular  in  shape;  its 
base  is  in  a  line  with  the  posterior  end  of  the  corpus  callosum, 
where  it  is  continuous  with  the  pia  mater  investing  the 
convolutions;  its  lateral  margins  are  fringed  by  the  choroid 
plexuses,  which  are  seen  in  the  bodies  and  descending  cornua 
of  the  lateral  ventricles,  where  they  are  invested  by  the 
epithelial  lining  of  those  cavities.  Its  apex,  where  the  two 
choroid  plexuses  blend  with  each  other,  lies  just  behind  the 
anterior  pillars  of  the  fornix.  The  interval  between  the 
apex  and  these  pillars  is  the  aperture  of  communication 
between  the  two  lateral  ventricles  and  the  third,  already 
referred  to  as  the  foramen  of  Monro.  The  choroid  plexuses 
contain  the  small  choroidal  arteries,  which  supply  the  cor- 
pora striata,  optic  thalami,  and  corpora  quadrigemina;  and 
the  blood  from  these  bodies  is  returned  by  small  veins, 
which  join  to  form  the  vei7is  of  Galen  (Fig.  90).  These  veins 
pass  along  the  centre  of  the  velum,  and,  as  is' shown  in  Fig. 
72,  open  into  the  straight  sinus.  If  the  velum  interpositnm 
be  now  carefully  raised  from  before  backwards,  the  optic 
thalami,  third  ventricle,  pineal  gland,  and  corpora  quadri- 
gemina are  exposed. 

The  optic  thalarmis  is  a  large,  somewhat  ovoid  body  situ- 
ated behind  and  to  the  inner  side  of  the  corpus  striatum, 
and  above  the  crus  cerebri  (Fig.  91).  Its  upper  surface  is 
partly  seen  in  the  floor  of  the  body  of  the  lateral  ventricle, 
but  is  for  the  most  part  covered  by  the  fornix  and  velum 
interpositnm.  Its  postero-inferior  surface  forms  the  roof 
of  the  descending  cornu  of  the  ventricle,  whilst  its  inner 
surface  forms  the  side  waU  of  the  third  ventricle.    At  its 
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outer  and  posterior  part  are  two  slight  elevations,  placed 


MneVlnrffit   f  "'^  ^'^  Ventricle,  corpora  qnadrigeraina,  and 

scmtirrnl^  of  Cerebellum,  a,  coi-pus  striatum ;  6,  optic  thalamus ;  c,  taenia 
7mS  Zi  ventricle;  e,e.  anterior  pillars  of  fornix;  //anterior, 

m  ™  i„V„?M'P?''f"''''  commissure;  pineal  gland,  /i,  its  left  peduncle ; 
vcAni,,^tTS'  '^""'''"^  geniculatum  internum;  o,  o,  superior 

r/  an/nrif  '"'^''^  °f  Vieussens;  q,  4th  nerve;  r,  3d  Ventricle; 

sXT^tZSvm'Xesl'  P<'«'«™'-«'^P«"0'-lol'e8  0f  cerebeUum;  upper 

one  on  each  side  of  the  optic  tract,  and  named  respectively 
corpus  geniculatum  internum  and  externum. 

'  The  third  ventricle  is  a  cavity  situated  in  the  mesial  plane 
between  the  two  optic  thalami.    Its  roof  is  formed  by  the 
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velum  interpositum  and  tlie  body  of  the  fornix;  its  floor, 
by  the  pons  Tarini,  corpora  albicantia,  tuber  cinereum, 
infundibulum,  and  optic  commissure  ;  its  anterior  bound- 
ary, by  the  anterior  pillars  of  the  fornix,  anterior  commis- 
sure, and  lamina  cinerea  ;  its  posterior  boundary,  by  the 
corpora  quadrigemina  and  posterior  commissure.  The 
cavity  of  this  ventricle  is  of  small  size  in  the  living  head, 
for  the  inner  surfaces  of  the  two  thalami  are  connected 
together  by  intermediate  grey  matter,  named  the  middle 
or  soft  commissure ;  but  in  taking  the  brain  out  of  the 
cranial  cavity  this  commissure  is  usually  more  or  less  torn 
through,  and  the  cavity  is  consequently  enlarged.  Imme- 
diately in  front  of  the  corpora  quadrigemina,  the  white 
libres  of  the  posterior  commissure  pass  across  between  the 
two  optic  thalami.  If  the  anterior  pillars  of  the  fornix  be 
separated  from  each  other,  the  white  fibres  of  the  anterior 
commisstire  may  be  seen  entering  the  two  corpora  striata. 

The  pineal  lody  is  a  reddish  cone-shaped  body,  enveloped 
by  the  velum  interpositum,  and  situated  upon  the  more 
anterior  pair  of  the  corpora  quadrigemina.  From  its  broad 
anterior  end  two  white  bands,  the  pedimcles  of  the  pineal 
body,  pass  forwards,  one  on  the  inner  side  of  each  optic 
thalamus.  Each  peduncle  joins,  along  with  the  taenia 
semicircularis,  the  anterior  pillar  of  the  fornix  of  its  own 
side.  In  its  structure  this  body  consists  of  a  vascular  stroma 
of  connective  tissue,  in  the  meshes  of  which  Ij-mphoid  cells 
are  contained.  Branched  corpuscles  which  are  regarded 
as  nerve  cells  are  also  found.  Amylaceous  and  gritty 
calcareous  particles,  constituting  the  brain  sand,  are  also 
found  in  it.  Usually  it  is  hollowed  out  into  two  or  more 
small  cavities.    The  function  of  the  pineal  body  is  not 
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understood,  but  both  it  and  the  pituitary  body,  which 
possess  a  certain  structural  correspondence,  are  usually 
referred  to  the  type  of  the  ductless  glands. 

The  corpora  quadrigemina  or  optic  lobes  are  situated 
behind  and  between  the  two  optic  thalami,  and  rest  upon 
the  posterior  surface  of  the  crura  cerebri.  The  division 
into  two  lateral  halves  is  marked  by  a  shallow  longitu- 
dinal fissure,  and  the  subdivision  of  each  haK  into  an  an- 
terior and  a  posterior  eminence,  by  a  shallow  transverse 
fissure.  The  anterior  pair  of  eminences  are  called  nates; 
the  posterior,  testes.  From  each  testis  a  strong  white 
band,  the  superior  peckmcle  of  the  cerebelhim,  passes  back- 
wards to  the  cerebellum,  and  stretching  between  the  pair 
of  peduncles  is  the  valve  of  Vieussens  or  anterior  medullary 
velum.  The  corpora  quadrigemina  are  tunnelled  in  the 
antero-posterior  direction  by  the  aqueduct  of  Sylvius,  which 
opens  anteriorly  into  the  third  ventricle  immediately  below 
the  posterior  commissure,  and  posteriorly  into  the  fourth 
ventricle  under  cover  of  the  valve  of  Vieussens;  it  is  lined 
by  a  cylindrical  ciliated  epithelium. 


Internal  Structuke  of  the  Cerebrum. 

The  cerebrum  is  composed  both  of  grey  and  white 
matter ;  the  general  relations  of  these  two  forms  of  nerve 
matter  to  each  other  may  be  seen  by  making  sections 
through  the  cerebrum.  The  determination,  however,  of 
their  minute  structure,  and  of  the  relations  and  connections 
of  the  nerve  fibres  to  the  nerve  cells  is,  owing  to  the  deli- 
cacy of  the  organ,  one  of  the  most  difficult  departments  of 
anatomical  study.    Several  anatomists  have  endeavoured 
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to  trace  out  tlie  course  of  the  nerve  fibres  in  tlie  organ,  and 
though,  our  knowledge  is  by  no  means  complete,  yet  many 
important  facts  have  undoubtedly  been  ascertained.  These 
facts  have  been  summarised,  and  numerous  additions  made 
to  them  by  Meynert  in  a  recent  elaborate  memoir  pub- 
lished in  Strieker's  Hanclbuch  der  Gewebelehre. 

The  Grey  Matter  of  the  cerebrum  is  disposed  in  three 
great  groups  :  a,  The  grey  matter  of  the  cortex  of  the  hemi- 
spheres ;  6,  the  grey  matter  of  the  great  ganglia  of  the  base 
of  the  cerebrum ;  c,  the  central  grey  matter  which  forms 
the  wall  of  the  cerebral  end  of  the  cerebro-spinal  tube. 

a,  The  grey  matter  of  the  cortex  of  the  hemisphere  forms 
the  superficial  part  of  the  convolutions,  and  is  known  as 
the  great  hemispherical  ganglion,  but  in  some  locahties,  as 
at  the  loci  perforati  antici  and  the '  septum  lucidum,  it  has 
received  distinctive  names.  When  a  convolution  is  divided 
vertically  the  grey  matter  is  seen  to  be  confined  to  the 
surface  and  to  enclose  a  white  core.  The  grey  matter 
presents  a  laminated  appearance,  and  as  a  rule  consists  of 
five  or  six  layers,  which  are  composed  of  the  characteristic 
pyramidal  nerve  cells  of  the  cortex  of  the  cerebrum,  of  nerve 
fibres,  of  matrix  or  neuroglia,  and  of  blood-vessels.  The 
most  superficial  layer  consists  of  neuroglia,  in  which  nerve 
fibres  extend  parallel  to  the  surface  of  the  convolutions. 
In  the  deeper  layers  are  found  the  pyramidal  nerve  cells, 
which  He  with  their  long  axes  vertical  to  the  surface  of  the 
convolutions,  and  which  contain  well-marked  nuclei.  From 
the  observations  of  Lockhart  Clarke,  Arndt,  Cleland,  and 
Meynert,  there  can  be  no  doubt  that  the  pyramidal  nerve 
ceUs  vary  in  relative  size  and  in  numbers  in  the  different 
layers  of  the  grey  cortex,  and  that  the  largest  sized  pyra- 
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midal  cells  lie  in  the  third  and  fourth  layers.    L.  Clarke 

stated  that  the^  cells  of  all  the  layers  of  the  posterior  or 

occipital  lobe  were  small 

and  of  nearly  uniform  size, 

whilst  in  the  convolutions 

anterior  to   it  numerous 

cells  of  a  much  larger  kind 

were  found;   but  though 

it  is  undoubtedly  true  that 

large  pyramidal  cells  are 
found  in  the  frontal  lobe  in 

considerable  numbers,  and 
that  the  greater  number  of 
the  cells  of  the  occipital 
lobe  are  smaU  and  nearly 
uniform  in  size,  there  is  no 
difficulty  in  recognising  in 
the  occipital  lobe  a  small 
proportion  of  cells,  quite 
equal  in  magnitude  to  the 

Iflro-pof  nolle  r,f  -Pv^v^+^l  FiG.  92.— Vertical  section  through  the  3(1 

largest  CeUS  or  tJie  frontal  ami  4th  layers  of  gi-ey  matter  of  the 
l^-L-        .„  1  ,     superior  frontal   convolution.  Larfre 

lODe,  interspersed  amongst     and  small-sizecl  pyramidal  nerve  ceUs; 

4.|,„   11  .  1  ,  tlie  neuroglia,  with  its  coi-puscles  and 

tne  smaller  pyramidal  cells.     some  capUlary  Wood-vessels,  are  repre- 

The  nerve  fibres  which  as- 
cend into  the  grey  matter  from  the  white  core  of  the  con- 
volution radiate  into  its  several  layers,  and  are  apparently 
continuous  with  the  basal  axial  cylinder  processes  of  the 
nerve  cells.  According  to  Clelaud,  the  elongated  apices  of 
the  cells,  which  are  directed  to  the  surface  of  the  convolu- 
tion, are  continuous  with  the  nerve  fibres  situated  in  the 
superficial  layer  of  horizontal  fibres.  Immediately  subjacent 
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to  tlie  large  pyramidal  cells  numerous  small,  irregularly 
shaped  nerve  corpuscles,  like  those  of  the  internal  granule 
layer  of  the  retina,  form  the  so-calledgrantde  layer  oi  the  grey 
matter.  Fusiform  cells,  which  give  off  lateral  processes,  are 
found  in  the  deepest  layer  of  the  grey  matter,  and  form 
the  claustral  layer  of  Meynert.  Gerlach  has  described  here, 
as  in  the  spinal  cord,  a  network  of  extremely  minute  nerve 
iibres,  with  which  the  branched  lateral  processes  of  the 
nerve  cells  are  apparently  continuous.  The  neuroglia  con- 
tains multitudes  of  small  rounded  corpuscles.  In  it  also 
are  found  small  stellate  cells,  provided  with  minute  branched 
processes,  which  ceUs,  as  Meynert  states,  are  so  pellucid, 
that  in  the  healthy  brain  they  seem  to  be  only  free  nuclei ; 
it  is  difficult  to  say  whether  these  cells  belong  to  the 
neurogUa,  or  are  nerve  cell  elements.  The  grey  cortex  of 
the  cerebrum  is  about  five  times  as  vascular  as  the  white 
matter.  The  arteries  derived  from  the  pia  mater  pass  ver- 
tically into  the  grey  matter.  Some  terminate  in  a  rich 
capiUary  plexus  within  the  grey  matter.  Other  vessels  of 
larger  size,  after  giving  off  small  branches,' which  join  the 
capillary  plexus  of  the  grey  matter,  pass  into  the  white 
matter,  where  they  are  continuous  with  a  much  more 
scanty  capillary  plexus  than  is  found  in  the  grey  matter. 

In  the  grey  matter  of  the  cortex  of  the  occipital  lobe 
eight  layers  have  been  described  by  Clarke  and  Meynert. 
The  increase  in  number  is  due  to  the  intercalation  of  two 
additional  granule  layers,  which  coalesce  and  form  a  dis- 
tinct white  band  in  the  grey  matter,  owing,  as  Meynert 
states,  to  the  absence  of  pigment  in  the  ceUs  of  the  granule 
layers. 

The  grey  matter  of  the  cortex  of  the  island  of  Reil  and 
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of  tlie  convolutions  bounding  the  Sylvian  fissure  contains  a 
very  large  proportion  of  fusiform  cells.  They  form  the  chief 
constituent  of  the  gi'ey  claustrum,  situated  deeper  than  the 
grey  matter  of  the  island,  and  separated  from  the  outer  part 
of  the  corpus  striatum  by  a  thin  layer  of  v^hite  matter. 
Fusiform  cells  also  occur  abundantly  in  the  nucleus  amyg- 
daloe,  a  grey  mass  situated  below  the  corpus  striatum, 
which  in  some  sections  seems  as  if  isolated,  but  in  reality 
is  continuous  with  the  grey  matter  of  the  inferior  temporo- 
sphenoidal  convolution. 

The  grey  matter  of  the  cortex  of  the  gyrus  hippocampi  has 
its  superficial  layer  formed  of  nerve  fibres,  with  small  and 
scattered  corpuscles,  and  has  been  named  the  nuclear  lamina. 
Next  this  lamina  lies  the  stratum  reticulare,  in  which  the 
apices  of  the  numerous  pyramidal  cells,  which  form  the 
third  layer,  branch  and  again  unite  to  form  a  delicate  net- 
work. This  layer  of  nerve  cells  is  prolonged  into  the 
hippocampus  major,  in  which  it  is  rolled  on  itself  in  a  con- 
voluted manner.  The  free  surface  of  the  hippocampus, 
seen  in  the  descending  horn  of  the  ventricle,  is  formed  of 
nerve  fibres  continuous  with  the  fibres  of  the  taenia  hippo- 
campi Deeper  than  the  pyramidal  nerve  cells  of  the 
hippocampus  is  a  well-marked  layer,  prolonged  also  into 
the  fascia  dentata,  which  Meynert  has  termed  the  stratum 
of  compressed  nerve  corpuscles.  This  layer,  however,  as 
was  recognised  by  A.  B.  Stirling  some  years  ago,  resembles 
the  "granules"  of  the  rust  coloured  layer  of  the  cerebel- 
lum, and  may  more  appropriately  be  called  the  rust-coloured 
layer  of  the  hippocampus  ;  each  granule  consists  of  a  well- 
defined  nucleus  invested  by  deUcate  branched  protoplasm. 
.  The  grey  matter  of  the  two  layers  of  the  septum  luci- 
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dum,  though  included  between  the  corpus  callosum  and 
fornix,  is  yet  in  the  same  plane  as  the  grey  matter  of  the 
cortex  of  the  inner  surface  of  the  hemispheres,  but  is  cut 
off  from  it  by  the  development  of  the  transverse  fibres  of 
the  corpus  callosum.  The  grey  matter  of  the  locus  per- 
foratus  anticus  contains  clusters  of  minute  granules  and  a 
compact  arrangement  of  small  nerve  cells. 

h,  The  great  ganglia  of  the  base  of  the  cerebrum  are  the 
corpora  striata,  the  optic  thalami,  the  corpora  geuiculata, 
the  corpora  quadrigemina,  and  the  locus  niger  in  each  cms 
cerebri. 

The  corpus  striatum  cerebri  consists  of  two  masses  of 
grey  matter  separated  from  each  other  by  numerous  striae 
of  white  fibres,  which  ascend  from  below  upwards  through 
its  substance.  The  upper  mass  of  grey  matter  projects 
into  the  lateral  ventricle,  and  is  called  the  intra-ventricular 
portion  or  nucleus  caudatus.  The  lower  extra-ventricular 
portion  or  nucleus  lenticularis  forms  the  outer  and  lower 
part  of  the  corpus  striatum,  and  is  separated  by  the 
claustrum  from  the  island  of  Keil.  Multipolar  nerve  cells 
are  found  in  both  the  caudate  and  lenticular  masses,  and  in 
the  latter  cells  of  large  size  have  been  seen. 

The  optic  thalamus  forms  an  almost  continuous  mass  of 
grey  matter  traversed  by  nerve  fibres,  which  are  not,  how- 
ever, collected  into  definite  striae.  The  nerve  cells  in  the 
grey  matter  are  both  multipolar  and  fusiform.  The  exter- 
nal corpus  geniculatum  consists  of  alternate  layers  of  grey 
and  white  matter,  due  to  the  zig-zag  folding  of  the  grey 
matter;  the  nerve  ceUs  are  multipolar,  and  contain  pig- 
ment, 'in  the  internal  corpus  geniculatum  the  ceUs  are 
smaller  in  size  and  fusiform. 
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The  grey  matter  of  the  corpora  quadrigemina  consists  of 
two  distinct  masses.  One,  the  peripheral  layer,  lies  near 
the  surface,  and  contains  numerous  small  multipolar  nerve 
cells;  the  other,  the  Sylvian  or  central  layer,  surrounds  the 
Sylvian  fissure  and  belongs  to  the  grey  matter  of  the  wall 
of  the  cerebro-spinal  tube,  and  serves  as  a  centre  of  origin 
for  the  roots  of  both  the  3d  and  4th  cranial  nerves. 

The  grey  matter  of  the  crus  cerebri  occupies  the  centre 
of  the  cerebral  peduncle.  Its  cells  are  multipolar,  and  con- 
tain dark  brown  or  black  pigment,  so  that  the  name  locus 
niger  is  applied  to  this  collection  of  nerve  cells. 

c.  The  central  grey  matter  of  the  cerebrum  is  in  series 
with  the  grey  matter  of  the  floor  of  the  4th  ventricle  and 
the  grey  matter  of  the  spinal  cord.    It  is  situated  around 
the  Sylvian  aqueduct,  and  at  the  sides  and  floor  of  the  third 
ventricle,  which  form  the  cerebral  portion  of  the  cerebro- 
spinal tube.    That  which  surrounds  the  aqueduct  of  Sylvius 
forms  the  Sylvian  or  central  layer  in  the  corpora  quad- 
rigemina, above  referred  to.    It  contains  numerous  weU- 
maAed  multipolar  nerve  ceUs,  which  are  largest  and  most 
distinct  below  the  aqueduct,  where  they  form  weU-defined 
groups.  But  further,  a  remarkable  zone-like  arrangement  of 
nerve  cells  Hes  at  the  circumference  of  the  sides  and  upper 
part  of  the  central  mass  of  grey  matter  (Fig.  93).  In  vertical 
transverse  sections  these  cells  may  be  seen  to  He  some- 
times singly,  but  more  usually  in  groups  of  two  or  three, 
or  up  to  six  ceUs.    The  ceUs  are  twice,  or  even  three  times 
as  large  as  the  multipolar  nerve  cells  of  the  central  mass. 
The  body  of  the  ceU  is  often  globular  in  form,  and  from  it 
one  or  two  processes  arise.    The  cells  lie  in  a  tract  of  well- 
defined  nerve  fibres,  to  which  they  have  apparently  the  same 
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relation  that  the  cells  in  the  ganglion  on  the  posterior 
root  of  a  spinal  nerve  have  to  the  nerve  fibres.  The 
central  grey  matter,  which  lies  in  relation  to  the  thir(^.  ven- 
tricle, forms  the  middle  or  soft  commissure,  and  the  well- 
defined  grey  layer  which  covers  the  inner  wall  of  each  optic 
thalamus.  The  grey  masses  situated  at  the  base  of  the  brain 
between  and  in  front  of  the  crura  cerebri,  viz.,  the  pons 


Fio.  93. — Vertical  transverse  section  through  the  Corpora  Quadrigemina.  A. 
aqueduct  of  Sylvius.;  p,  peripheral  mass  of  grey  matter;  c,  central  mass  of 
grey  matter;  z,  large  nerve  cells  arranged  as  a  zone  around  the  circumference 
of  the  central  mass ;  C,  C,  crus  cerebelU  transversely  divided.  At  the  right  lower 
corner  two  cells  of  the  zonular  region  are  represented,  highly  magnified. 


Tarini,  tuber  cinereum,  lamina  cinerea,  infundibulum,  and 
the  grey  matter  of  the  pituitary  body,  belong  to  the  central 
grey  matter.  By  some  anatomists  the  grey  matter  of  the 
pineal  body  is  referred  to  the  same  category,  but  Aj-nold  has 
pointed  out  that  it  is  separated  by  its  peduncle  from  the 
soft  commissure ;  and  Meynert  is  disposed  to  regard  it  as  a 
gangUon  of  origin  of  the  tegmentum.  Both  the  pituitary 
and  pineal  bodies  contain,  besides  the  nervous  matter, 
structures  of  the  type  of  the  glands  without  ducts. 
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The  White  Matter  of  the  cerebrum  consists  of  tracts  or 
fasciculi  of  nerve  fibres,  of  which — a,  some  connect  the  cere- 
brum with  the  lower  divisions  of  the  encephalonj  b,  others 
connect  the  two  hemispheres  together ;  c,  others  connect 
different  structures  in  the  same  hemisphere;  d,  others  serve 
as  roots  of  origin  for  the  more  anterior  encephalic  nerves. 

a,  The  tracts  of  fibres  which  connect  the  cerebrum  with 
the  lower  divisions  of  the  encephalon  are  called  peduncular 
fibres.  The  largest  of  these  peduncles  are  the  two  crura 
cerebri  or  cerebral  peduncles.  Continuous  below  with  the 
longitudinal  fibres  of  the  pons  they  ascend  into  the  optic 
thalami  and  corpora  striata,  and  their  fibres  are  named  the 
peduncular  fibres.  From  the  corpora  striata  and  optic 
thalami  fibres  radiate  into  the  convolutions  of  tbe  lobes  of 
the  hemisphere  and  form  the  corona  radiata.  To  some 
extent  the  fibres  of  the  corona  are  directly  continuous  with 
those  of  the  cerebral  peduncles,  but  there  can  be  no  doubt 
that  a  large  portion  of  the  peduncular  fibres  terminate  in 
the  grey  matter  of  the  gangHa  of  the  base  of  the  cerebrum, 
and  that  a  still  larger  number  arise  from  their  nerve  cells 
to  aid  in  the  formation  of  the  corona  radiata.  The  direct 
continuity,  therefore,  of  many  of  the  peduncular  fibres  with 
those  of  the  corona  is  broken  or  interrupted  by  the  inter- 
position of  the  ganglia  of  the  base  of  the  cerebrum,  which 
Meynert  has  named  ganglia  of  interruption.  The  pedun,- 
cular  fibres  and  those  of  the  corona  constitute  the  cerebral 
portion  of  th.&  projection  system  of  fibres  of  Meynert,  a  term 
devised  to  express  that  they  conduct  upwards  to  the  grey 
cortex  of  the  hemispheres  sensory  impulses  derived  from 
the  external  world,  the  image  of  which  is  projected  upon  the 
cortex.    But  it  should  also  not  be  forgotten  that  many  of  the 
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fibres  of  this  system  conduct  motor  impulses  downwards  to 
be  propagated  along  the  motor  cranial  and  spinal  nerves. 
The  peduncular  fibres  of  the  crura  cerebri  are  arranged  in 
two  groups,  named  respectively  cnista  and  tegmentum, 
wMcli  are  separated  from  eacb  other  by  the  nerve  cells  of 
the  locus  niger. 

The  crusta  forms  the  superficial  or  anterior  part  of  the 
crus.  Its  fibres  are  in  greater  part  continuous  with  the 
longitudinal  fibres  of  the  pons  derived  from  the  anterior 
pyramids  of  the  meduUa;  but  it  receives  additional  fibres 
from  the  grey  matter  of  the  locus  niger,  and  from  the  cells 
of  the  Sylvian  layer  in  the  corpora  quadrigemina.  Some 
of  the  fibres  of  the  crusta  pass  directly  upwards  as  radiating 
fibres  to  the  grey  cortex  of  the  occipital  and  temporal  lobes, 
but  the  larger  number  terminate  in  the  nucleus  caudatus 
and  nucleus  lenticularis  of  the  corpus  striatum.  From 
these  nuclei  a  great  mass  of  fibres  radiates  into  the  cortex 
of  the  f ronto-parietal  lobes,  more  especially  the  frontal,  but 
a  few  also,  bearing  the  special  name  of  stria  cornea,  pass  to 
the  grey  matter  of  the  apex  of  the  temporal  lobe ;  fibres 
also  enter  the  convolutions  of  the  insula.  In  addition  to 
the  radiating  fibres,  the  grey  matter  of  the  corpus  striatum 
gives  origin  to  fibres  of  the  middle  root  of  the  olfactory 
peduncle,  and  to  connecting  fibres  with  the  grey  matter  of 
the  septum  lucidum. 

The  tegmentum  forms  the  posterior  or  deeper  part  of 
the  crus  cerebri.  Its  fibres  are  continuous  with  the  longi- 
tudinal fibres  of  the  pons  derived  from  the  oUvary  f ascicuH, 
fascicuU  teretes,  and  posterior  pyramids  of  the  meduUa. 
k  few  of  the  fibres  of  the  tegmentum  enter  the  corpora 
quadrigemina  and  corpora  geniculata,  but  the  great  ma- 
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jority  enter  the  optic  thalami,  in  the  grey  matter  of  which 
many  evidently  terminate,  though  some  may  pass  through 
into  the  cortex  of  the  hemispheres  as  fibres  of  the  corona 
radiata.  But  the  grey  matter  of  the  thalamus  gives  origin 
to  numerous  radiating  fibres :  those  which  arise  in  its 
posterior  part  radiate  into  the  occipital  and  temporal  lobes, 
whilst  those  proceeding  out  of  its  anterior  part  radiate  into 
the  frontal,  parietal,  and  temporal  lobes,  and  the  insula. 

In  the  optic  thalamus  the  fornix  arises.  Its  fibres 
emerge  from  the  under  surface  of  each  thalamus,  form  the 
corims  albicans,  and  then  pass  backwards  forming  the  upper 
boundary  of  the  great  transverse  fissure  to  end  as  the  tsenia 
hippocampi  in  the  gyrus  hippocampi ;  hence  this  convolu- 
tion has  a  special  connection  with  the  optic  thalamus 
through  the  fornix.  In  the  corpus  albicans  the  fibres  of 
the  fornix  are  arranged  in  loops,  in  the  concavities  of 
which  nerve  cells  are  situated.  The  optic  thalamus  also 
gives  origin  to  the  middle  root  of  the  optic  tract. 

Owing  to  the  connections  of  the  locus  niger,  nucleus 
caudatus,  and  nucleus  lenticularis  with  the  crusta,  Meynert 
has  named  them  the  ganglin  of  the  crusta  ;  whHst  the  optic 
thalami,  corpora  quadrigemina,  and  geniculata  are  the  gan- 
glia of  the  tegmentum.  The  comparison  of  the  human  brain 
with  those  of  different  mammals  has  shown  that  the 
development  of  the  hemispheres  bears  a  direct  relation  to 
the  size  of  the  crusta  and  its  ganglia,  whilst  the  develop- 
ment of  the  hemispheres  is  in  inverse  relation  to  the  size 
of  the  tegmentum  and  its  ganglia. 

The  superior  peduncles  of  the  cerebeUum  connect  that 
organ  with  the  cerebrum.  They  arise  in  the  grey  matter 
of  the  vermiform  process,  ascend  to  the -corpora  quadri- 
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gemina,  and  are  for  the  most  part  prolonged  upwards 
below  it  into  the  tegmentum,  and  into  the  optic  thalamus. 

h,  The  fibres  which  connect  together  the  two  hemispheres 
are  called  commissural  fibres.    The  largest  of  these  com- 
missures is  the  carpus  callosum,  which,  as  ha&  already  been 
described,  connects   corresponding  convolutions  in  the 
opposite  hemispheres.    As  its  fibres  lie  on  a  plane  superior 
to  those  of  the  corona  radiata,  the  two  systems  of  fibres 
intersect  with  each  other  on  their  way  to  the  convolutions. 
The  anterior  commissure,  though  often  described  as  con- 
necting the  two  corpora  striata,  yet,  as  Spurzheim  pointed 
out  half  a  century  ago,  passes  through  these  bodies  to  the 
convolutions  around  the  Sylvian  fissure,  and  gives  a  root 
of  origin  to  the  olfactory  nerve.    The  posterior  commissure 
passes  into  the  optic  thalami.    The  course  of  its  fibres 
has  recently  been  studied  by  Pawlowsky,  who  states 
that  they  proceed  from  the  pineal  body,  the  frontal  and 
temporal  lobes,  and  probably  also  from  the  thalamus,  and 
then  cross  over  to  the  tegmentum  of  the  opposite  eras 
cerebri. 

c.  The  tracts  which  connect  different  convolutions  in  the 
same  hemisphere  are  named  arcuate  fibres,  or  Jibrce  propri^e. 
The  arcuate  fibres  are  situated  immediately  beneath  the 
inner  surface  of  the  cortex  of  the  hemispheres,  and  connect 
together  the  grey  matter  of  adjacent  convolutions.  In 
some  locaUties_they  are  strongly  marked,  and^ave  received 

special  names. 

The  fasciculus  uncinatus  passes  across  the  Sylvian  fissure, 
traverses  the  claustrum  and  amygdala,  and  connects  the 
convolutions  of  the  frontal  with  those  of  the  temporo- 
sphenoidal  lobe.    The  fillet  of  the  gyrus  fomimtus  extends 
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longitudinally  in  that  convolution,  immediately  above  the 
corpus  callosum,  from  its  anterior  to  its  posterior  ends, 
and  connects  different  parts  of  its  grey  matter  together. 
The  longitvdinal  fibres  of  the  corpus  callosum,  or  nerves 
of  Lancisi,  also  connect  the  anterior  and  posterior  ends  of 
the  caUosal  convolution.  The  longitudinal  inferior  fasci- 
culus connects  the  convolutions  of  the  occipital  with  those 
of  the  temporal  lobe.  Longitudinal  septal  fibres  lie  on  the 
inner  surface  of  the  septum  lucidum,  and  extend  into  the 
gyrus  fornicatus. 

The  corpora  quadrigemina  are  connected  with  the  optic 
thalami  by  nervous  tracts  called  brachia,  and  smaller  tracts 
also  connect  the  thalami  with  the  corpora  geniculata.  The 
peduncles  of  the  pineal  gland  connect  that  body  with  the 
fornix,  and  are  probably  continued  into  the  optic  thalamus. 
The  tmnia  semicircularis  is  also  at  one  end  apparently  con- 
nected with  the  optic  thalamus,  but  its  posterior  termination 
is  not  well  ascertained. 

The  great  cerebral  ganglia  and  the  central  masses  of  grey 
matter  are  centres  of  origin  for  sensori-motor  nerves.  The 
convolutions  or  hemispherical  ganglia,  again,  are  the  parts 
of  the  brain  associated  with  the  intellectual  processes.  The 
question  has  often  been  put.  Are  not  the  individual  con- 
volutions distinct  organs,  each  endowed  with  special  pro- 
perties? and  various  arguments  based  on  physiological, 
pathological,  and  anatomical  grounds  have  been  advanced 
in  support  of  this  proposition.  In  connection  with  the 
anatomical  branch  of  the  argument  it  may  be  stated  that  the 
convolutions,  not  only  in  man,  but  in  all  animals  with 
convoluted  brains,  have  a  form,  relative  position,  and 
arrangement  which  are  characteristic  of  the  species ;  but 
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specialisation  of  form,  position,  and  arrangement  are  not 
in  themselves  a  sufficient  test  of  specialisation  of  function. 
Again,  though  the  convolutions  have  definite  forms  they 
are  not  disconnected  from  each  other,  for  the  grey  matter 
forms  a  continuous  layer  over  the  whole  surface  of  the 
hemisphere.    Hence  a  group  of  cerebral  convolutions  differs 
from  a  group  of  muscles,  each  member  of  which  is  un- 
doubtedly a  distinct  organ,  for  each  muscle  is  isolated  from 
those  around  it  by  a  definite  investing  sheath.    As  regards 
internal  structure,  evidence  has  abeady  been  given  that 
all  the  convolutions  are  not  constructed  on  precisely  the 
same  plan,  and  it  has  also  been  pointed  out  that  the  con- 
volutions are  not  aU  connected  in  the  same  way  with  the 
great  cerebral  ganglia.    These  structural  modifications  un- 
questionably point  to  fvmctional  differences  in  the  several 
parts  in  which  they  are  found.     But  further,  special 
connections  through  the  arcuate  fibres  are  established 
between  certain  convolutions  and  not  between  others,  and 
it  is  possible  not  only  that  particular  combinations  of 
convolutions  through  an  interchange  of  internuncial  fibres 
may  condition  a  particular  state  of  intellectual  activity, 
but  that  these  combinations  associate  various  convolutions 
together  in  the  performance  of  a  given  intellectual  act,  just 
as  in  the  muscular  system  several  muscles  are  as  a  rule 
associated  together  for  the  performance  of  a  given  move- 
ment.   A  clue  to  the  special  functions  of  the  convolutions 
will  doubtless  be  obtained  by  studying  their  connections 
with  each  other  and  with  other  parts  of  the  encephalon, 
just  as  the  action  of  the  members  of  a  group  of  muscles 
is  ascertained  by  examining  the  direction  of  their  fibres 
and  the  attachment  of  their  terminal  tendons. 
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Variations  within  certain  limits  in  the  degree  of  com- 
plexity of  arrangement  of  the  convolutions  are  found  in 
the  human  brain.  The  observations  of  Gratiolet  and 
Marshall  on  the  brains  of  women  of  the  Bush  race  have 
shown  that  in  them  a  greater  simplicity  of  arrangement, 
due  to  the  foldings  of  the  surface  being  less  numerous, 
prevails  than  in  the  average  European  brain.  Again,  the 
observations  of  Rudolph  and  Hermann  Wagner  on  the 
brains  of  Gauss  and  Dirichlet,  the  eminent  mathematicians, 
show  that  the  convoluted  surface  was  much  more  tortuous, 
and  the  superficial  area  of  the  convolutions  was  consider- 
ably greater  than  in  the  average  European  brain.  From 
these  and  other  data,  it  is  evident  that  a  complex  arrange- 
ment of  the  convolutions  may  co-exist  with  high  intellectual 
powers.  But  it  must  also  be  admitted  that  men  of  un- 
doubted intellectual  ability  have  been  found  to  possess 
brains  in  which  the  convolutions  had  no  unusually  com- 
plex arrangement.  In  endeavouring  to  form  an  estimate 
of  the  comparative  value  of  the  convolutions  in  different 
individuals,  not  only  should  the  degree  of  tortuosity  of  the 
surface  be  inquired  into,  but  the  depth  of  the  sulci,  the 
thickness  of  the  grey  matter,  and  the  qiiality  of  the  tissue 
of  which  the  convolutions  are  composed.  A  brain  with 
deep  sulci,  conjoined  with  a  thick  layer  of  grey  matter, 
but  with  comparatively  simple  gyri,  might  present  as 
large  a  hemispherical  ganglion  as  one  the  convolutions  of 
which  were  more  tortuous  but  less  deep.  Presumably  that 
grey  matter  is  the  most  active  which  contains  the  greatest 
proportion  of  nerve  cells  in  a  given  area.  From  the 
structural  point  of  view,  one  may  say  that  those  convolu- 
tions present  the  most  complex  organisation  in  which, 


296 


ANATOMY. 


with  a  large  proportion  of  nerve  cells,  the  foldings  of  the 
surface  are  tortuous,  the  sulci  are  numerous'  and  deep,  and 
the  grey  matter  possesses  relatively  considerable  thickness. 
As  regards  the  convolutions  in  opposite  hemispheres  of 
the  same  brain,  it  should  be  stated  that  a  want  of  sym- 
metry is  by  no  means  uncommon. 

Mass  and  Weight  of  the  Brain. — The  human  brain 
is  absolutely  bigger  and  heavier  than  the  brain  of  any 
animal,  except  the  elephant  and  the  larger  whales.  The 
brain  of  the  elephant  is  said  to  weigh  from  8  to  10  lbs., 
and  that  of  a  large  finner  whale  between  5  and  6  lbs. 
The  human  brain  is  also  heavier  relatively  to  the  bulk  and 
weight  of  the  body  than  are  the  brains  of  the  lower  animals, 
except  in  some  small  birds  and  mammals.  Considerable 
variations,  however,  exist  in  the  size  and  weight  of  the 
human  brain,  not  only  in  the  different  races  of  mankind, 
but  in  individuals  of  the  same  race  and  in  the  two  sexes. 
The  heaviest  brains  occur  in  the  white  races.    The  average 
weight  of  the  adult  European  male  brain  is  49  to  50  oz. 
(about  3  lbs.),  that  of  the  adult  female  44  to  45  oz. ;  so 
that  the  brain  of  a  man  is  on  the  average  fully  10  per  cent, 
heavier  than  that  of  a  woman.    The  greater  weight  of 
the  brain  in  man  as  compared  with  woman  is  not  in  relation 
merely  to  his  greater  bulk,  but  is  a  fundamental  sexual 
distinction  ;  for,  whilst  there  is  a  difference  of  10  per  cent, 
in  the  brain  weight,  the  average  stature  of  women  is, 
according  to  Thurnam's  calculations,  only  8  per  cent,  less 
than  that  of  men,    Dr  Boyd  states  that  the  average  weight 
of  the  brain  in  the  newly  born  male  infant  is  11-67  oz. ;  in 
the  female  only  10  oz.    The  exact  age  at  which  the  brain 
reaches  its  maximum  size  has  been  variously  placed  at  from 
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the  3d  to  the  8th  years  by  different  authors ;  but  it  con- 
tinues to  increase  in  weight  to  25  or  30,  or  even  40.  After 

60  the  brain  begins  to  diminish  in  weight ;  in  aged  males 
the  average  weight  is  about  45  oz.,  in  females  about  41  oz. 

In  some  cases  the  adult  brain  considerably  exceeds  the 
average  weight.  The  brains  of  several  men  distinguished 
for  their  intellectual  attainments,  have  been  weighed  :  the 
brain  of  Cuvier  weighed  64^  oz.;  of  Dr  Abercrombie,  63 
oz.;  of  Professor  Goodsir,  57 J  oz.;  of  Spurzheim,  55  oz. ; 
of  Sir  J.  Y.  Simpson,  64  oz. ;  of  Agassiz,  53*4  oz. ;  and  of 
Dr  Chalmers,  53  oz.  But  high  brain  weights  have  also  been 
found  where  there  was  no  evidence  of  great  intellectual 
capacity.  Peacock  weighed  four  male  brains  which  ranged 
from  62-75  to  61  oz.;  Boyd,  a  specimen  of  60-75-ez.;  and 
I  have  in  my  possession  one  of  a  boy  aged  fifteen  which 
weighed  60  oz.  In  the  brains  of  the  insane  high  brain 
weights  have  also  been  observed.  Bucknill  met  with  a 
brain  in  a  male  epileptic  which  weighed  64  J  oz. ;  Thurnam, 
one  which  weighed  62  oz. ;  and  in  the  "West  Kiding  Asylum, 
out  of  375  males  examined,  the  weight  of  the  brain  in  30 
cases  was  55  oz.  or  upwards,  and  the  highest  weights  were 

61  oz.  in  a  case  of  semle  dementia,  60|  oz.  in  a  case  of 
dementia,  and  60  oz.  in  one  of  melancholia.  No  case  has 
as  yet  been  recorded  of  the  weight]of  the  brain  in  a  woman 
of  great  intellectual  attainments;  but  Boyd  met  with  a 
woman's  brain  as  high  as  55-25  oz.,  and  many  instances  of 
upwards  of  50  oz.  in  women  where  there  was  no  evidence  of 
high  mental  endowment.  Skae,  in  a  female  monomaniac, 
observed  a  brain  which  weighed  61^  oz.;  and  of  300 
females  examined  in  the  West  Riding  Asylum  the  weight 
of  the  brain  in  26  cases  was  50  oz.  or  upwards,  the  highest 
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weights  being  56  and  55  oz.  in  two  cases  of  mania.  The 
size  and  weight  of  the  brain  do  not  therefore,  ■p^r  se,  give 
an  exact  method  of  estimating  the  intellectual  power  of  the 
individual,  and  a  high  brain  weight  and  great  intellectual 
capacity  are  not  necessarily  correlated  vdth  each  other. 

It  seems  certain,  if  the  adult  human  brain,  even  amongst 
the  most  uncultivated  peoples,  falls  below  30  oz.,  that  this 
low  weight  is  not  merely  incompatible  with  intellectual 
power  and  activity,  but  is  invariably  associated  with  idiocy  or 
imbecility;  so  that  the  human  brain  has  a  minimum  weight 
below  which  intellectual  action  is  impossible.  Amongst  the 
more  cultivated  races  the  minimum  weight-limit  of  intelli- 
gence is,  however,  in  aU  probability  higher  than  30  oz.  It 
has  been  placed  by  Broca  at  32  oz.  for  the  female,  and  37  oz. 
for  the  male  brain ;  and  Thurnam's  numbers  are  almost  the 
same.  To  how  low  a  weight  the  brain  in  the  microcepha- 
lous idiot  may  fall  is  well  shown  in  a  case  recorded  by  Theile, 
where  it  weighed  only  10-6  oz.,  in  Gore's  case  of  10  oz.  5 
grs.,  and  in  Marshall's  case,  8^  oz.  But  instances  are  not 
wanting  in  which  the  brains  of  idiots  have  exceeded  even 
50  oz.  Langdon  Down  observed  the  brain  of  a  male  idiot 
aged  22,  which  weighed  59|  oz.;  and  J.  B.  Tuke  has 
recently  met  with  a  brain  of  60  oz.  in  a  male  idiot  aged  37, 
the  capacity  of  whose  cranium  was  IIOJ  cubic  inches.  In 
the  West  Kiding  Asylum  tables  the  brain  weights  in  10 
idiots  were  not  less  than  34  oz.,  and  in  5  cases  exceeded  40  oz. 

As  yet  the  opportunities  of  weighing  the  brain  in  the 
coloured  races  of  men  have  been  but  scanty.  But  from  a 
very  extensive  series  of  observations  made  by  Barnard  Davis, 
not  on  the  brains  themselves,  but  on  the  cubic  capacities  of 
crania,  from  which  an  approximate  estimate  of  the  brain 
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weigM  may  be  obtained  with  a  fair  measure  of  accuracy, 
the  following  facts  are  derived : — The  average  weight  of 
the  male  brain  in  the  African  races  is  45 '6  oz.;  of  the 
female  brain,  42*7  oz. :  the  average  weight  of  the  male 
brain  in  the  Australian  races  is  42-8  oz. ;  of  the  female 
brain,  39 "2  oz.:  the  average  weight  of  the  male  brain  in 
the  Oceanic  races,  46 '5  oz. ;  of  the  female  brain,  43  oz. 
The  conclusions  which  may  legitimately  be  drawn  from  an 
analysis  of  Barnard  Davis's  observations  are  as  follows  : — 
1st,  That  the  average  brain  weight  is  considerably  higher 
in  the  civilised  European  than  in  the  savage  races;  2d, 
That  the  range  of  variation  is  much  greater  in  the  former 
than  in  the  latter ;  3d,  That  there  is  an  absence,  almost 
complete,  of  specimens  heavier  than  64  oz.  in  the  exotic 
races,  so  that  the  higher  terms  of  the  series  are  not  repre- 
sented ;  4th,  That  though  the  male  brains  are  heavier  than 
the  female,  there  is  not  the  same  amount  of  difference  in 
the  average  brain  weight  between  the  two  sexes  in  the 
uncultivated  as  in  the  cultivated  peoples. 

No  rehable  determinations  have  as  yet  been  made  of  the 
exact  proportion,  as  regards  bulk  and  weight,  which  the 
convolutions  bear  to  the  corpora  striata,  optic  thalami,  and 
corpora  quadrigemina,  but  data  are  obtainable  of  the  rela- 
tive weight  of  the  pons,  cerebellum,  and  medulla  to  the 
entire  encephalon.  Between  the  ages  of  20  and  70  the 
ratio  of  weight  of  the  pons,  cerebellum,  and  medulla,  to  the 
entire  brain,  is  as  1  to  7-9,  or  about  13  to  100,  and  this 
relative  weight  is  virtually  the  same  in  both  sexes.  From 
Peacock's  observations  the  ratio  of  weight  of  the  cerebel- 
lum alone  to  the  entire  encephalon  is  as  1  to  9,  or  about 
11  to  100. 
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Origin,  Aerakgement,  anb  Distribution  of  the 
Encephalic  Nerves. 

Several  pairs  of  nerves,  called  Cranial  or  Encephalic, 
arise  from  the  under  surface  or  base  of  the  encephalon 
and  pass  outwards  through  foramina  situated  in  the  floor 
of  the  cranial  cavity.  Continental  anatomists  usually 
enumerate  twelve  pairs  of  cranial  nerves ;  but  because  in 
one  locality  two  of  these  nerves  lie  together  and  pass 
through  the  same  foramen,  and  in  another  spot  three  of 
these  nerves  emerge  together  from  the  skvdl,  British 
anatomists  have  restricted  the  number  to  nine  pairs. 
These  nerves  are  numbered  from  before  backwards,  in  the 
order  in  which  they  are  seen  at  the  base  of  the  brain. 
The  names  applied  to  the  individual  nerves,  and  their 
numerical  designations,  according  to  both  the  Continental 
and  British  methods,  are  given  in  the  following  table  : — 

Continental.  British. 

Olfactory  Nerves,   1st  pair  1st  pair 

Optic  Nei-ves,    2d    ,,  2d  ,, 

Oculo-motor  Nerves   3rd  ,,  3rd  ,, 

Trochlear  Nei-ves,   4th  ,,  4th  „ 

Trifacial  or  Trigeminal  Nerves, ...  5th  ,,  5th  „ 

Abducent  Nerves,   6th  ,,  6th  ,, 

Facial  Nerves  (Portio  dura),   7th  ,,  )  7th  ,, 


Auditory  Nerves  (Portio  moUis),  8th 

Glosso-pharyngeal  Nerves,   9th  J 

Pneumogastric  Nerves  (Vagus),  10th  „  /  8th 

Spinal  Accessory  Nei-ves,    Hth  „  ) 

Hypoglossal  Nerves,   12th  ,,  9th 


These  nerves  may  be  arranged  in  three  groups  accord- 
ing to  the  presence  or  absence  of  motor  and  sensory 
fibres. 

First  gvon^.—Sensory  nerves,  or  nerves  of  special  sense: 
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a,  olfactory,  the  nerve  of  smell ;  l,  optic,  nerve  of  sight ; 
c,  auditory,  nerve  of  hearing.  .  ^  ^ 


Fig.  94.— Diagram  of  the  base  of  the  brain  with  its  arteries.  I  to  'IX.  cranial 
nerres;  a,a,  internal  carotid  artery;  6,6,  middle  cerebral;  c,  anterior  com- 
mmiicaang;  </,  d,  anterior  cerebral ;  e,  e,  posterior  communicating;  /,  poste- 
nor  cerebral;  g,  g,  superior  cerebellar;  h  and  k,  inferior  cerebeUar;  L  basilar; 
m  1  "'"'^"■y'  frontallobe;  K-,  temporo-sphenoidal  lobe ;  Oc,  occipital 
loDe;  1,  great  longitudinal  fissure;  2,  Sylvian  fissure;  G,  flocculus;  7,  tonsil; 
»,  postero-mferior;  9,  slender;  10,  biventral  lobes  of  cerebeUum;  11,  left  an- 
\ltl  I  Py™™"!;  12,'right  olivary  body;  13,  decussation  of  the  pyramids;  14, 
on^nJi  Vk-""  P^^fo'^'ited  space;  15,  tuber  cinereum  and  infundibulum ;  16,  16, 
corpora  albicantia. 

Second  group.— ITotor  nerves  :  a,  oculo-motor,  the  prin- 
cipal nerve  of  supply  for  the  muscles  of  the  eyeball;  h, 
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trocMear,  the  nerve  for  tlie  superior  oblique  muscle ;  c, 
abducent,  tlie  nerve  for  the  external  rectus  ;  d,  portio  dura, 
the  nerve  for  the  facial  muscles  of  expression ;  e,  spinal 
accessory,  the  nerve  which  gives  a  motor  root  to  the 
pneumogastric,  and  supplies  the  sterno-mastoid  and  tra- 
pezius muscles ;  f,  hypoglossal,  the  nerve  for  the  muscles 
of  the  tongue. 

Third  group. — Mixed  nerves  :  a,  trifacial,  distributed  to 
the  muscles  of  mastication,  the  skin  of  the  face,  various 
mucous  membranes,  and  to  the  anterior  and  lateral  surfaces 
of  the  tongue,  where  it  may  play  the  part  of  a  nerve  of  the 
special  sense  of  taste ;  b,  glosso-pharyngeal,  distributed  to 
the  mucous  membrane  of  the  pharynx,  to  certain  palato- 
pharyngeal muscles,  and  to  the  mucous  membrane  of  the 
back  of  the  tongue,  where  it  acts  as  a  nerve  of  the  special 
sense  of  taste ;  c,  the  pneumogastric,  conjoined  with  the 
internal  division  of  the  spinal  accessory,  is  distributed 
to  several  muscles,  mucous  membranes,  and  internal  organs. 

The  consideration  of  the  1st  group  of  cranial  nerves 
may  appropriately  be  deferred  until  the  organs  of  sense, 
in  which  they  terminate,  are  described. 

The  anatomy  of  the  Motor  Nerves  is  as  follows  : — 

The  Oculo-motor  or  tliird  nerve  springs  out  of  the  inner 
surface  of  the  crus  cerebri  When  its  fibres  are  traced  into 
the  crus,  some  are  seen  to  pass  to  the  nerve  cells  of  the 
locus  niger,  whilst  others  sink  into  the  corpora  quadri- 
gemina,  and  extend  as  far  as  the  Sylvian  group  of  nerve 
cells.  The  nerve,  after  it  has  emerged  from  the  crus, 
runs  forwards  in  the  outer  wall  of  the  cavernous  sinus, 
and  enters  the  orbit  through  the  sphenoidal  fissure.  It 
suppHes  the  levator  palpebr^  superioris,  the  superior,  in- 
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ferior,  and  internal  recti  muscles,  and  the  inferior  oblique. 
It  contributes  the  short  or  motor  root  to  the  ciliary  ganglion, 
and  through  it  influences  the  iris  and  cUiary  muscles  -within 


Fig.  95.— Floor  of  the  cavity  of  the  skull  to  show  the  places  of  exit  of  tlie  nerves. 
1  to  6,  first  to  sixth  cranial  nerves  ;  7,  portio  dura;  8,  portio  mollis;  9,  glosso- 
pharyngeal; 10,  pneumogastric;  11,  spinal  accessory;  12,  hypo-glossal ;  13, 
14,  15,  first,  second,  and  thii-d  diWsions  of  fifth  neiTB ;  16,  knee-shaped  ganglion 
of  portio  dura;  17  and  18,  great  and  small  superficial  petrosal  nerves ;  a,  occi- 
pital smus;  b,  superior  longitudinal;  c,  torcular  Herophili;  d,  lateral  sinus; 
c,  superior,  and  /,  inferior  petrosal  sinus ;  g,  transverse  sinus ;  ft,  cavernous 
sinus;  *,  circular  sinus;  Z,  pituitary  body ;  m, middle  meningeal  artery;  n,», 
Dones  of  the  car;  o,  o,  internal  carotid  artery. 

the  eyebaU.  It  also  communicates  with  the  cavernous 
plexus  of  the  sympathetic. 

The  Trochlearis  or  fourth,  the  smallest  cranial  nerve, 
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lies  at  the  outer  side  of  tlie  cms  cerebri  and  winds  back- 
wards round  tbe  side  of  the  superior  peduncle  of  the  cere- 
bellum. When  traced  to  its  origin  it  is  seen  to  sink  into 
the  valve  of  Vieussens,  where  its  fibres  divide  into  three 
roots :  one  decussates  across  the  valve  with  a  root  of  the 
corresponding  nerve  on  the  opposite  side;  another  passes 
backwards  to  the  locus  cseruleus;  the  third  sinks  into  the 
corpora  quadrigemina  and  reaches  the  Sylvian  group  of 
nerve  cells,  from  which  the  third  nerve  also  arises.  The 
fourth  nerve  runs  forward  in  the  outer  wall  of  the  caver- 
nous sinus,  passes  into  the  orbit  through  the  sphenoidal 
fissure,  and  enters  the  orbital  surface  of  the  superior 
oblique  muscle.  It  also  communicates  with  the  cavernous 
plexus  of  the  sympathetic. 

The  Abducent  or  sixth  nerve  springs  out  of  the  groove 
between  the  lower  border  of  the  pons  and  the  anterior 
pyramid  of  the  medulla  oblongata.  Its  roots  sink  deeply 
into  the  pons,  and  arise  from  a  nucleus  of  grey  matter  at 
the  floor  of  the  fourth  ventricle,  common  to  it  and  the  portio 
dura.  The  sixth  nerve  runs  forward  in  the  inner  waU  of 
the  cavernous  sinus  in  contact  with  the  internal  carotid 
artery,  enters  the  orbit  through  the  sphenoidal  fissure,  and 
ends  in  the  external  rectus  muscle.  It  communicates  with 
the  carotid  plexus  of  the  sympathetic. 

The  Portio  dura  or  motor  facial  portion  of  the  seventh 
nerve  springs  out  of  the  groove  between  the  lower  border 
of  the  pons  and  the  restiform  body.  Its  roots  sink  deeply 
into  the  pons,  and  whilst  some  of  its  fibres  arise  from  a 
gi-ey  nucleus,  at  the  floor  of  the  fourth  ventricle,  common 
to  it  and  the  sixth  nerve,  others  ascend  from  a  nucleus 
which,  according  to  Meynert,  lies  just  on  the  outer  side  of 
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the  superior  olivary  body,  aud  others  again  decussate 
across  the  median  raphe  of  the  pons.  An  accessory  por- 
tion, called  portio  intermedia,  which  is  said  to  arise  from 
the  lateral  columns  of  the  cord,  joins  the  portio  dura. 
The  portio  dura  enters  the  internal  auditory  meatus  in  the 
petrous-temporal  bone  along  with  the  auditory  nerve;  but 
at  the  bottom  of  the  meatus  it  leaves  that  nerve  and  enters 
the  aqueduct  of  FaUopius,  along  which  it  is  conducted 
through  the  bone. to  emerge  at  the  stylo-mastoid  foramen. 
When  in  the  aqueduct  it  forms  a  hneeshaped  lend,  and 
expands  into  a  smaU  ganglion,  which  is  joined  by  the 
great,  small,  and  external  superficial  petrosal  nerves. 
Through  the  external  petrosal  it  communicates  with  the 
sympathetic;  through  the  great  petrosal,  which  subse- 
quently forms  a  part  of  the  vidian  nerve,  it  communicates 
with  Meckel's  ganglion  on  the  3d  division  of  the  5th 
nerve,  and  through  it  supplies  the  levator  palati  and  azygos 
uvul«;  through  the  small  petrosal  it  communicates  with 
the  otic  ganglion  and  with  the  tympanic  plexus  of  the 
glosso-pharyngeal  nerve.  The  portio  dura  gives  off— a,  a 
minute  branch  to  the  stapedius  muscle ;  b,  the  chorda 
tympani,  which,  entering  the  tympanum,  passes  across  that 
cavity,  emerges  through  the  Glaserian  fissure,  and  joins  the 
hngual  branch  of  the  fifth  nerve,  which  it  accompanies  as 
far  as  the  submaxillary  ganglion ;  it  gives  a  branch  to  the 
gangHon,  and  one  to  the  Hnguahs  muscle.  After  the 
portio  dura  has  passed  through  the  stylo-mastoid  foramen 
It  gives  off— c,  the  posterior  auricular  branch  to  the  occi- 
pital belly  of  the  occipito-frontalis  and  to  the  retrahens 
aurem  muscle,  and  d,  the  digastric  branch  to  the  posterior 
belly  of  the  digastric  and  stylo-hyoid  muscles  ;  and  then 
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runs  forwards  tlirougli  tlie  parotid  gland  to  tlie  face,  wliere 
it  divides  into  (e)  temporo-facial  and  (/)  cervico-facud 
branches  to  supply  the  facial  muscles  of  expression,  i.e., 
the  muscles  of  the  scalp  and  external  ear,  the  orbicular 
muscles  of  the  eyelids,  the  muscles  which  dilate  and  com- 
press the  nostrils,  the  muscles  which  approximate  and 
separate  the  lips,  including  the  buccinator  muscle,  and  also 
the  platysma  myoides.  The  facial  is  also  the  secretory 
nerve  for  the  salivaiy  glands.  Through  the  chorda  tym- 
pani  it  influences  the  secretion  of  the  submaxillary  and 
sublingual  glands,  and  through  the  connection  between  its 
small  petrosal  nerve  and  the  auriculo-temporal  in  the  otic 
ganglion  it  influences  the  parotid  gland. 

The  Spinal  Accessory  is  the  lowest  division  of  the  eighth 
nerve.    It  springs  out  of  the  side  of  the  medulla  oblongata, 
and  from  the  lateral  column  of  the  cervical  part  of  the 
spinal  cord  as  low  as  the  fifth  cervical  nerve  :  its  roots 
arise  from  the  intermedio-lateral  group  of  nerve  ceUs  in 
the  cord,  and  from  a  nucleus  of  grey  matter  in  the  floor  of 
the  fourth  ventricle.    The  spinal  fibres  of  origin  enter  the 
skull  through  the  foramen  magnum,  join  the  fibres  from  the 
meduUa,  and  leave  the  cranial  cavity  through  the  jugular 
foramen.    This  nerve,  purely  motor  in  function,  is  sub- 
divided into  two  parts,  an  internal  and  an  external.  The 
external  passes  obHquely  outwards  across  the  side  of  the 
neck,  pierces  the  sterno-mastoid,  forms  a  plexus  of  commu- 
nication with  the  third  and  fourth  cervical  nerves,  and  ends 
in  the  trapezius,  both  of  which  muscles  it  suppbes.  The 
internal  joins  the  upper  ganglion  of  the  pnemnogastric 
nerve,  of  which  it  forms  the  motor  or  accessory  root,  and 
is  distributed  along  with  it. 
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The  Hypoglossal  or  ninth  nerve  springs  out  of  the  groove 
between  the  anterior  pyramid  and  olivary  body  of  the 
medulla  oblongata,  in  series  with  the  anterior  roots  of  the 
spinal  nerves.    Its  roots  pass  through  the  meduUa  to  the 
floor  of  the  fourth  ventricle,  to  arise  from  the  nerve  cells 
in  two  nuclei  of  grey  matter  situated  close  to  the  median 
furrow  (fig.  80).    This  grey  matter  is  in  series  vsdth  the 
anterior  cornu  of  grey  matter  in  the  spinal  cord.  The 
nerve  passes  out  of  the  skull  through  the  anterior  condyloid 
foramen,  and  arches  across  the  side  of  the  neck  to  the 
tongue,  to  end  in  glossal  branches  for  the  supply  of  the 
intrinsic  and  extrinsic  muscles  of  the  tongue.    It  also  gives 
off— a,  the  descendens  noni  branch,  which,  after  been  joined 
by  the  communicantes  noni  from  the  cervical  plexus,  sup- 
pHes  the   omo-hyoid,   sterno-hyoid,  and  sterno-thyroid 
muscles;  b,  the  thyro-hyoid  branch  to  the  thyro-hyoid 
muscle;  c,  the  genio-hyoid  branch  to  the  genio-hyoid  muscle. 
It  communicates  in  the  neck  with  the  sympathetic,  vagus, 
Hngual  branch  of  the  fifth,  and  cervical  plexus. 

The  group  of  Mixed  Nerves  wiU  now  be  considered. 
The  Trifacial  or  fifth  is  the  largest  cranial  nerve.  It 
springs  by  two  distinct  roots  out  of  the  side  of  the  pons. 
The  smaller  or  motor  root  arises  from  the  nerve  cells  of  a 
nucleus  of  grey  matter  situated  in  the  back  of  the  pons, 
near  the  floor  of  the  upper  part  of  the  fourth  ventricle.' 
The  larger  or  sensory  root  has,  according  to  Meynert,  a 
complex  origin— a,  from  a  nucleus  of  grey  matter  in  the 
pons  to  the  outer  side  of  the  origin  of  the  motor  root;  6, 
by  descending  fibres  which  arise  from  nerve  cells  in  the 
substance  of  the  corpora  quadrigemina,  from  the  grey 
matter  of  the  locus  cteruleus,  and  from  the  longitudinal 
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fibres  of  tlie  pons  ;  c,  by  ascending  fibres  wHch  apparently 
arise  from  the  grey  tnbercle  of  E^)lando ;  d,  probably  by 
fibres  which  traverse  and  embrace  the  superior  peduncle  of 
the  cerebellum.  As  the  large  sensory  root  of  the  fifth  lies 
on  the  petrous  bone  it  expands  into  the  Gasserian  ganglion, 
which  resembles  in  structure  the  ganglion  on  the  posterior 
root  of  a  spinal  nerve.  From  this  ganglion  three  large 
branches  arise,  named  respectively  the  1st,  2d,  and  3d 
divisions  of  the  ganglion  (Fig.  95). 

The  \st  or  Ophtlmlmic  division  is  the  upper  sensory  nerve 
of  the  face,  it  lies  in  the  outer  wall  of  the  cavernous  sinus 
and  divides  into  three  branches,  which  pass  out  of  the  cra- 
nial cavity  through  the  sphenoidal  fissure,    a,  Its  lachryrml 
branch  supplies  the  lachrymal  gland,  and  the  outer  part  of 
the  skin  and  conjunctiva  of  the  upper  eyelid,  h,  lis  frontal 
branch  divides  into  the  supra-trochlear  and  supra-orbital; 
the  supra-trochlear  supplies  the  inner  part  of  the  skin  and 
conjunctiva  of  the  upper  eyeUd  and  eyebrow;  the  supra- 
orbital supplies  the  skin  of  the  forehead  and  scalp  as  far 
back  as  the  vertex,  c,  Its  oculo-nasal  branch  gives  long  dliary 
nerves  to  the  eyebaU,  a  nasal  nerve  to  the  mucous  mem- 
brane of  the  nose,  and  to  the  skin  of  the  side  of  the  nose, 
and  an  infra-trochlear  nerve  to  the  conjunctiva  and  inte- 
gument of  the  eyelids.    From  the  oculo-nasal  nerve  arises 
the  long  or  sensory  root  of  the  small  ciliary  ganglion, 
which  Ues  in  the  cavity  of  the  orbit,  and  which  receives 
also  a  motor  root  from  the  third  nerve,  and  a  root  from  the 
sympathetic.     This  gangHon  gives  origin  to  the  sJm-t 
ciliary  nerves  for  the  eyeball. 

The  2d  or  Superior  Maxillary  division  is  the  sensorj- 
nerve  for  the  middle  part  of  the  face.    It  leaves  the  skull 
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by  tlie  foramen  rotundum,  passes  across  the  spheno-maxillary 
fissure,  then  lies  in  the  canal  in  the  floor  of  the  orbit,  from 
which  it  emerges  on  the  face  through  the  infra-orbital 
foramen  as  the  infra-orbital  nerve.  It  gives  off — a,  a  small 
orbital  branch  which  divides  into  a  temporal  branch  for  a 
small  part  of  the  skin  of  the  temple,  and  a  malar  branch 
for  the  skin  over  the  cheek  bone ;  b,  dental  branches  to  the 
teeth  in  the  upper  jaw;  c,  palpebral  branches  to  the  skin  and 
conjunctiva  of  the  lower  eye-lid ;  d,  nasal  branches  to  the 
skin  and  mucous  membrane  of  the  nose;  e,  labial  branches  to 
the  skin  and  mucous  membrane  of  the  upper  lip.  It  also 
gives  off,  when  in  the  spheno-maxiUary  fossa—/,  spheno- 
palatine branches,  which  form  the  sensory  root  of  the 
spheno-palatine  or  M ickeVs  ganglion.  This  ganglion  receives 
a  motor  root  through  the  great  petrosal  nerve  from  the 
knee-shaped  bend  of  the  portio  dura,  and  a  sympathetic 
root  from  the  carotid  plexus,  which  runs  along  with  the 
great  petrosal,  and  forms  with  it  the  vidian  nerve.  The 
ganghon  gives  origin  to— a,  an  orbital  branch,  which  supplies 
a  layer  of  non-striped  muscular  fibres,  described  by  H. 
Miiller  and  myself  as  developed  in  connection  with  the 
periosteum  of  the  orbit,  where  it  covers  the  spheno-maxillary 
fissure ;  b,  upper  nasal  and  naso-palatine  branches  to  the 
mucous  membrane  of  the  nose  and  hard  palate;  c,  descend- 
ing palatine  branches  to  the  mucous  membrane  of  the  hard 
and  soft  palate,  and  to  the  levator  palati  and  azygos  uvul«; 
d,  pterygo-palatine  to  the  mucous  membrane  of  the  upper 
part  of  the  pharnyx. 

The  M  or  Inferior  Maxillary  division  passes  out  of  the 
skull  through  the  foramen  ovale,  and  as  it  does  so  is  joined 
by  the  motor  root  of  the  5th.     By  the  junction  a  mixed 
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nerve  is  formed,  which  is  the  sensory  nerve  for  the  lower 
part  of  the  face,  and  the  skin  of  the  temple,  and  the  motor 
nerve  for  the  muscles  of  mastication.    Immediately  after 
passing  through  the  foramen  this  nerve  divides  into  a 
small  and  large  division,  in  each  of  which  motor  and 
sensory  fibres  are  found.   The  small  division  supplies  motor 
masticatory  branches  to  the  masseter,  temporal,  external 
and  internal  pterygoid  muscles ;  but  further  it  gives  off  a 
long  buccal  branch,  which,  though  often  described  as  the 
motor  nerve  for  the  buccinator  muscle,  is  really  a  sensory 
nerve  for  the  skin  and  mucous  membrane  of  the  cheek. 
The  sensory  nature  of  this  nerve  is  proved,  not  only  by 
physiological  and  pathological  experiments,  but  by  tracing 
its  fibres  through  the  buccinator  muscle  to  the  mucous 
membrane.     I  have  also  observed  two  cases  in  which 
the  long  buccal  nerve  arose  as  a  branch  of  the  sensory 
superior  maxillary  nerve.    The  large  division  separates 
into  three  branches — a,  auriculo-temporal,  which  ascends  to 
supply  the  parotid  gland,  the  skin  of  the  auricle,  external 
meatus,  and  temple,  and  the  temporo-maxillary  joint ;  b,  in- 
ferior dental,  which  enters  the  dental  canal  in  the  lower  jaw, 
suppHes  the  lower  set  of  teeth,  and,  emerging  through  the 
mental  foramen,  supplies  the  skin  and  mucous  membrane  of 
the  lower  lip;  the  inferior  dental  also  gives  off  a  mylo-hyoid 
branch  to  the  mylo-hyoid  and  anterior  belly  of  the  digas- 
tric muscle;  c,  lingual  or  gustatory,  which  runs  forward 
along  the  side  of  the  tongue  to  end  in  the  filiform  and 
fungiform  papillae  of  its  mucous  membrane.    The  hngual 
branches  are  sensory  nerves  of  touch,  and  many  physiolo- 
gists believe  that  they  are  also  nerves  of  taste.  Connected 
with  the  branches  of  the  inferior  maxiUary  division  are 
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two  small  ganglia,  whicli,  like  the  ciliary  and  spheno-pala- 
tine  gangHa,  are  of  a  grejdsh  colour,  contain  nerve  cells, 
and  receive  roots  from  motor,  sensory,  and  sympathetic 
nerves.  The  submaxillary  ganglion  lies  under  cover  of  the 
mylo-hyoid  muscle,  and  receives  a  root  from  the  motor 
chorda  tympani  nerve,  a  root  from  the  sensory  lingual,  and 
a  sympathetic  root.  It  gives  branches  to  the  sub-maxiUary 
and  sublingual  salivary  glands.  The  otic  ganglion  lies  close 
to  the  Eustachian  tube,  and  receives  a  root  from  the  mus- 
cular nerve  to  the  internal  pterygoid,  a  root  from  the 
.sensory  auriculo-temporal,  and  a  sympathetic  root.  It  also 
receives  the  small  petrosal  nerve,  by  which  it  is  connected 
to  the  knee-shaped  bend  of  the  portio  dura  and  to  the 
glosso-pharyngeal  nerve.  It  suppKes  the  tensor  tympani 
and  tensor  palati  muscles.  The  branches  of  the  three  divi- 
sions of  the  fifth  cranial  nerve,  which  pass  to  the  skin  of 
the  temple,  forehead,  and  face,  freely  communicate  with 
the  branches  of  the  portio  dura,  which  supply  the  muscles 
situated  in  those  regions. 

The  Glosso-pliaryngeal  or  uppermost  division  of  the  eighth 
nerve  springs  out  of  the  side  of  the  medulla  oblongata 
between  the  olivary  and  restiform  bodies;  its  roots  arise 
from  two  small  masses  or  nuclei  of  grey  matter  in  the  floor 
of  the  4th  ventricle  (Fig.  80).  The  nerve  passes  out  of  the 
skull  through  the  jugular  foramen,  where  it  possesses  two 
small  ganglia,  na,med  jugular  and  petrous.  It  then  passes 
across  the  side  of  the  neck  and  gives  off  carotid  branches, 
which  run  along  the  internal  carotid  artery;  pharyngeal 
branches  to  the  mucous  membrane  of  the  pharynx ;  tonsil- 
ttic  branches  to  the  tonsU  and  soft  palate;  glossal 
branches  to  the  base  of  the  tongue  and  the  circumvallate 
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papillse,  whicli  branches  are  unquestionably  nerves  of  the 
special  sense  of  taste ;  mxiscular  branches  to  the  stylo- 
pharyngeus  and  perhaps  the  constrictor  muscles.  Through 
the  jugular  and  petrous  ganglia  the  nerve  communicates 
with  the  vagus  and  sympathetic.  The  petrous  ganglion 
gives  off  the  tympanic  branch  or  nerve  of  Jacobson,  which 
enters  the  tympanic  cavity,  supplies  its  mucous  membrane, 
and  gives  off  three  communicating  branches — one  to  the 
sympathetic ;  a  second  to  the  great  petrosal,  and  through  it 
to  the  knee-shaped  bend  of  the  facial;  a  third  to  the  small 
petrosal,  and  through  it  to  the  otic  ganglion. 

The  Pneumogastric  or  Vagus,  the  middle  division  of 
the  eighth  cranial  nerve,  springs  out  of  the  side  of  the 
medulla  oblongata,  between  the  olivary  and  restiform 
bodies ;  its  roots  arise  from  a  nucleus  of  grey  matter  in 
the  floor  of  the  4th  ventricle,  which  nucleus,  along  with 
these  for  the  glosso-pharyngeal  nerve,  is  in  series  with  the 
posterior  cornu  of  grey  matter  in  the  spinal  cord.  It  goes 
through  the  jugular  foramen,  is  joined  by  the  inner  divi- 
sion of  the  spinal  accessory  which  is  its  motor  root,  then 
passes  down  the  side  of  the  neck,  enters  the  thorax, 
inclines  behind  the  root  of  the  lung,  reaches  the  outer 
wall  of  the  oesophagus,  accompanies  that  tube  through 
the  diaphragm,  and  terminates  in  the  wall  of  the  stomach. 
The  left  nerve  lies  on  a  plane  anterior  to  the  right : 
it  crosses  in  front  of  the  arch  of  the  aorta,  and  is  dis- 
tributed to  the  anterior  wall  of  the  stomach,  whilst  the  right 
nerve  supplies  the  posterior  wall.  Each  nerve  possesses 
high  in  the  neck  two  enlargements,  named  uj^per  and  loioer 
ganglia.  The  branches  of  the  vagus  are  numerous  and  im- 
portant.   The  upper  gangUon  gives  origin  to  the  auricular 
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branch,  which  traversing  a  small  canal  in  the  petrous  tempo- 
ral bone,  is  distributed  to  the  skin  of  the  back  of  the  auricle. 
The  lower  ganglion  gives  origin  to — a,  the  pharyngeal 
branch,  which  forms  a  plexus  with  the  glosso-pharyngeal 
and  sympathetic  nerves,  from  which  the  muscles  of  the 
pharynx  are  supplied ;  h,  the  superior  laryngeal,  which 
divides  into  an  external  branch  to  supply  the  crico-thyroid 
muscle,  and  an  m^mia^,  which  pierces  the  thyro-hyoid  mem- 
brane, and  supplies  the  mucous  lining  of  the  larynx  and  the 
mucous  covering  of  the  epiglottis.    The  trunk  of  the  nerve 
gives  origin  to — a,  the  recurrent  laryngeal  branch,  which  on 
the  right  side  turns  round  the  subclavian  artery,  and  on  the 
left  round  the  arch  of  the  aorta,  and  ascends  to  the  larynx  to 
supply  its  intrinsic  muscles  except  the  crico-thyroid ;  h, 
cardiac  branches,  which  arise  from  the  nerve  partly  in  the 
neck  and  partly  in  the  chest,  and  join  the  great  cardiac 
plexus  for  the  heart ;  c,  pulmonary  branches,  which  arise 
in  the  chest,  pass  into  the  substance  of  the  lungs,  and  form 
along  with  the  sympathetic  an  anterior  pulmonary  plexus 
m  front  of,  and  a  posterior  pulmonary  plexus  behind  the 
root  of  the  lung ;  d,  oesophageal  branches,  which  supply 
the  coats  of  the  oesophagus ;  e,  gastric  branches,  which 
supply  the  coats  of  the  stomach,  and  give  important  off- 
shoots to  the  great  solar  plexus  of  the  sympathetic  situated 
at  the  pit  of  the  stomach. 

Descriptive  Anatomy  of  the  Sympathetic  Nervous 

System. 

The  Sympathetic  Nervous  System  consists  of  a  pair  of 
ganghated  cords,  situated  one  on  each  side  of  the  spinal 
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column  ;  of  tliree  great  gangliated  prevertebral  plexuses 
situated  in  the  thoracic  and  abdominal  cavities  ;  of  nume- 
rous smaller  ganglia  lying  more  especially  in  relation  with 
the  thoracic  and  abdominal  viscera  ;  of  multitudes  of  fine 
communicating  and  distributory  nerves. 

Each  Gangliated  Cord  of  the  sympathetic  extends  along 
the  side  of  the  spine  from  the  base  of  the  skull  to  the 
coccyx.     In  the  neck  it  lies  in  front  of  the  transverse 
processes  of  the  vertebriB ;  in  the  thorax,  in  front  of  the 
heads  of  the  ribs ;  in  the  abdomen,  on  the  sides  of  the  verte- 
bral bodies;  and  as  it  descends  in  front  of  the  sacrum  it 
approaches  its  fellow,  so  that  in  front  of  the  coccyx  the  two 
are  united  in  a  single  ganglion,  the  ganglion  impar  (Fig. 
77,  c).  Each  cord  consists  of  a  number  of  ganglia  united  into 
a  continuous  cord  by  intermediate  nerves.    As  a  rule,  the 
ganglia  equal  in  number  the  vertebras  of  the  region.  Thus, 
in  the  sacral  region  there  are  five  ganglia,  in  the  lumbar 
five,  and  in  the  thorax  twelve  ;  but  in  the  neck  there  are 
only  three,  named  superior,  middle,  and  inferior ;  of  these 
the  superior  is  very  large,  and  represents  without  doubt 
several  smaller  ganglia.  From  the  superior  cervical  ganglion 
the  cord  is  prolonged  upwards  by  an  ascending  or  cranial 
offshoot  through  the  carotid  canal  into  the  cranial  cavity, 
and  forms  a  plexus  around  the  internal  carotid  artery,  both  m 
the  carotid  canal,  named  the  carotid  plexus,  and  in  the  inner 
wall  of  the  cavernous  sinus,  named  the  cavernoiis  plexxLS. 
Through  branches  derived  either  directly  or  indirectly  from 
these  plexuses  the  sympathetic  roots  for  the  cUiary  and 
spheno-palatine  ganglia,  described  in  connection  with  the 

fifth  nerve,  are  derived. 

From  the  gangliated  cord  and  its  ascending  or  cramal 
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prolongation  a  communicating  and  a  distributoiy  series  of 
branches  are  derived. 

By  the  Communicating  branches  this  portion  of  the 
sympathetic  is  connected  with  most  of  the  cranial  and 
with  the  anterior  divisions  of  all  the  spinal  nerves,  so  as  to 
bring  the  cerebro-spinal  and  sympathetic  systems  into  close 
anatomical  and  physiological  relation  with  each  other. 
It  is  important  also  to  observe  that  each  communicating 
branch  contains  not  only  non-medullated  nerve  fibres  from 
the  sympathetic  system  to  the  cerebro-spinal  nerves,  but 
medullated  fibres  from  the  cerebro-spinal  to  the  sympa- 
thetic, so  that  a  double  interchange  takes  place  between 
the  two  systems.  The  superior  cervical  ganglion  and  its 
cranial  prolongation  communicate  with  the  3d  and  4th 
nerves,  with  the  Gasserian  ganglion  of  the  6th,  the  6th,  the 
portio  dura  of  the  7th,  the  glosso-pharyngeal  and  pneumo- 
gastric  of  the  8th,  with  the  9th  cranial  nerve,  and  with 
the  anterior  divisions  of  the  four  upper  cervical  spinal 
nerves.  The  middle  cervical  ganglion  communicates  with 
the  5th  and  6th  cervical  nerves  :  the  inferior  cervical  gan- 
glion with  the  7th  and  8th  cervical  nerves  :  the  twelve 
thoracic  ganglia  with  the  series  of  intercostal  nerves  :  the 
five  lumbar  ganglia  with  the  series  of  lumbar  spinal  nerves  : 
the  sacral  and  coccygeal  ganglia  with  the  sacral  nerves  and 
the  coccygeal  nerve. 

The  Listributory  branches  of  the  gangliated  cord  are  as 
follows:— a,  Pharyngeal  branches  from  the  superior  cervical 
ganglion,  which  join  the  pharyngeal  branches  of  the  glosso- 
pharyngeal and  pneumogastric  nerves,  to  form  the  pharyn- 
geal plexus,  which  si^plies  the  muscles  and  mucous 
membrane  of  the  pharynx.    6,  Articular  branches  from  the 
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upper  thoracic  and  the  lumbar  ganglia  to  the  articulations 
between  the  adjaeent  vertebrae,  c,  Pulmonary  branches  from 
the  3d  or  4th  thoracic  ganglia,  which  join  the  posterior 
pulmonary  plexus,    d,  Vaso-motor  branches  or  nervi  molles, 
which  supply  the  muscular  coat  of  the  arteries  :  those  which 
arise  from  the  cranial  prolongation  of  the  superior  cervical 
ganglion  supply  the  internal  carotid  artery  and  its  branches 
to  the  brain  and  eyeball :  those  which  arise  from  the 
superior  cervical  ganglion  itself  supply  the  external  carotid 
artery  and  its  branches;  from  the  branch  accompanying 
the  facial  artery  the  submaxilliary  ganglion  derives  its 
sympathetic  root;  from  that  accompanying  the  middle 
meningeal  artery  the  otic  ganglion  derives  its  sympathetic 
root  :  the  vaso-motor  nerves  which  arise  from  the  middle 
cervical  ganglion  supply  the  inferior  thyroid  arteiy,  and  pass 
to  the  thyroid  gland :  the  vaso-motor  branches  of  the  inferior 
cervical  ganglion  supply  the  vertebral  and  basUar  arteries  and 
their  several  branches,  which  pass  to  the  spinal  cord  and 
the  hinder  part  of  the  encephalon.   A'aso-motor  nerves  also 
arise  from  the  thoracic  ganglia,  which  pass  to  the  thoracic 
aorta,  from  the  lumbar  gangUa  to  the  abdominal  aorta,  and 
from  the  sacral  ganglia  to  the  middle  sacral  artery ;  the 
ganglion  impar  gives  branches  to  a  peculiar  vascular  struc- 
ture, named  the  coccygeal  body,  developed  in  connection 
with  the  end  of  the  middle  sacral  artery ;  a  body  of  similar 
structure,  caUed  intercarotic  hody,  situated  in  the  angle  of 
bifurcation  of  the  common  carotid  artery,  receives  branches 
from  the  superior  cervical  ganglion,    e,  Cardiac  branches 
fromthe  superior,  middle,  and  inferior  cervical  and  the  1st 
thoracic  ganglia,  which  pass  into  the  thorax  to  join  the  pre- 
vertebral cardiac  plexus.  /,  ^p^cmcAmc branches  as  follows: 
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great  splanchnic  nerve,  ^by  the  union  of  branches  from  the 
thoracic  gangha,  the  3d  to  the  10th  inclusive ;  it  pierces  the 
eras  of  the  diaphragm,  and  passes  to  the  prevertebral  solar 
plexus ;  small  splanchnic  nerve,  also  to  the  solar  plexus 
from  the  10th  or  llth  thoracic  ganglia  ;  smallest  splanchnic 
nerve,  from  the  12th  thoracic  ganglion  to  the  renal  plexus. 
g,  Hypogastric  branches,  from  the  lumbar  and  sacral  ganglia 
to  the  prevertebral  hypogastric  plexus. 

The  Prevertebral  Cardiac  plexus  is  situated  at  the 
base  of  the  heart,  and  is  divided  into  a  superficial  part, 
which  lies  in  the  concavity  of  the  arch  of  the  aorta,  and 
a  deep  part  between  the  aorta  and  trachea.  It  receives 
the  cardiac  branches  of  the  pneumogastric  and  the  cervical 
ganglia  of  the  sympathetic.  It  contains  collections  of 
nerve  cells  and  a  dense  plexiform  arrangement  of  nerve 
fibres.  It  gives  oflF  branches  to  the  heart,  which  wind 
around  the  surface  of  that  organ  and  penetrate  its  muscular 
substance  :  on  these  branches  minute  ganglia  are  found 
which  regulate  its  rhythmical  movements.  Through  these 
branches  and  the  cardiac  plexus  the  heart  is  brought  into 
connection  with  both  the  cerebro-spinal  and  sympathetic 
systems  of  nerves.  The  sympathetic  apparently  regulates 
Its  contraction,  for  when  this  nerve  is  stimulated  the  action 
of  the  heart  is  accelerated.  The  pneumogastric  again  exer- 
cises an  inhibitory  or  restraining  influence  on  the  contrac- 
tions^ of  the  organ,  for  when  this  nerve  is  irritated  the 
activity  of  contraction  is  diminished,  but  when  divided  it 
13  greatly  increased.  The  cardiac  plexus  also  sends  offsets 
to  the  anterior  and  posterior  pulmonary  plexuses  for  the 
supply  of  nerves  to  the  lungs. 

The  Prevertebral, Solar  or  Epigastric  plexus  is  situated  at 
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the  pit  of  the  stomach  around  the  cceliac  axis,  a  branch  of 
the  abdominal  aorta.    It  receives  the  great  and  small 
splanchnic  nerves  from  the  thoracic  ganglia  of  the  sympa- 
thetic, and  some  of  the  terminal  branches  of  the  pneumo- 
gastric  nerve.    It  contains  large  collections  of  nerve  cells, 
which  form  the  tvs^o  semilunar  ganglia,  and  a  dense  plexi- 
form  arrangement  of  nerve  fibres.    It  gives  origin,  either 
directly  or  indirectly,  to  numerous  plexiform  branches, 
which  accompany,  and  are  named  after,  the  abdominal 
aorta  and  its  various  branches  given  off  to  the  waUs  and 
viscera  of  the  abdomen  proper.    In  this  manner,  not  only 
do  the  arteries  which  supply  the  abdominal  viscera  receive 
their  vaso-motor  nerves,  but  the  muscular  and  mucous 
coats  of  the  stomach,  intestines,  gall  bladder,  bile  ducts, 
ureters,  and  seminal  ducts,  and  the  glandular  structures  of 
the  liver,  pancreas,  kidneys,  spleen,  testes,  and  supra-renal 
capsules.   It  is  important  also  to  observe  that  these  plexuses 
of  distribution  not  unfrequently  contain  smaU  ganglia, 
and  the  branches  which  supply  the  muscular  coat  of  the 
stomach  and  intestines  have  minute  microscopic  ganglia, 
with  stellate  nerve  cells  lying  amidst  them.    The  distribu- 
tion of  the  pneumogastric  nerve  to  the  stomach,  and  its 
connection  with  the  solar  plexus,  enables  that  nerve  to 
stimulate  its  peristaltic  contraction,  and,  according  to  some 
experimenters,  that  of  the  small  intestine  also;  but  the 
precise  action  of  the  sympathetic  on  these  organs  is  still  a 
disputed  question,  though  some  physiologists  hold  that  it 
is  the  inhibitory  nerve  for  those  organs. 

The  Prevertebral  Hypogastric  plexus  is  situated  in  front 
of  the  last  lumbar  vertebra.  It  receives  branches  from  the 
lumbar  ganglia  of  the  sympathetic,  and  from  the  plexus 
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surrounding  the  abdominal  aorta..    It  divides  into  two 
.   parts,  which,  lie  one  on  each  side  of  the  rectum,  and  are 
called  the  pelvic  plexuses ;  these  plexuses  are  joined  by- 
branches  from  the  sacral  ganglia  of  the  sympathetic,  and 
from  the  3d  and  4th  sacral  spinal  nerves,  and  contain 
small  gangliform  collections  of  nerve  cells.    From  the 
pelvic  plexuses  numerous  plexiform  nerves  arise,  which 
accompany  the  internal  iliac  artery  and  its  branches  to  the 
walls  and  viscera  of  the  pelvis,  and  are  named  after  them. 
These  nerves  not  only  supply  the  vaso-motor  nerves  for 
these  blood-vessels,  but  also  the  muscular  coat  and  mucous 
membrane  of  the  bladder,  rectum,  and  urethra,  besides 
the  prostate  gland  in  the  male,  and  the  uterus  and  vagina, 
and  in  part  the  ovary,  in  the  female ;  in  connection  with 
their  distribution  to  these  viscera,  minute  ganglia  are 
found  lying  amidst  the  nerves,  the  nerve  cells  in  which 
act  undoubtedly  as  centres  of  reinforcement  for  the  origin 
of  additional  nerve  fibres. 

From  the  distribution  of  the  branches  of  the  gangliated 
cord  of  the  sympathetic,  and  of  the  gangliated  prevertebral 
plexuses,  it  will  be  seen  that  this  nerve  is  especially  asso- 
ciated with  the  blood-vessels  and  the  thoracic  and  abdo- 
mmal  viscera.  As  the  cerebro-spinal  system  is  engaged  in 
the  supply  of.  nerves  to  the  voluntary  muscles,  the  sympa- 
thetic is  the  medium  of  supply  for  the  involuntary  mus- 
cular apparatus,  both  in  the  coats  of  the  vessels  and  in  the 
walls  of  the  hoUow  viscera.  But  though  the  vaso-motor 
nerves  branch  off  from  the  sympathetic  ganglia;  it  must 
not  be  supposed  that  they  have  no  connection  with  the 
cerebro-spinal  system.  The  communicating  branches  be- 
tween the  sympathetic  ganglia  and  the  anterior  divisions 
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of  the  spinal  nerves  establish  a  connection  between  them 
and  the  cerebro-spinal  nervous  axis.  By  recent  experi- 
ments, the  tract  of  transmission  of  the  vaso-motor  fibres 
has  been  traced  along  with  the  anterior  roots  of  the  spinal 
nerves,  through  the  lateral  columns  of  the  cord  to  the 
medulla  oblongata,  in  which  the  vaso-motor  nerve  centre 
lies  a  little  to  one  side  of  the  mesial  plane,  above  the 
calamus  scriptorius.-^  In  the  distribution  of  the  sympa- 
thetic to  the  glandular  viscera,  not  only  is  it  important 
to  attend  to  their  terminations  in  the  muscular  coat  of 
the  blood-vessels  of  the  glands,  but  the  termination  of 
the  nerves  in  connection  with  the  secreting  cells  them- 
selves must  be  taken  into  consideration.  The  communi- 
cations between  the  cerebro-spinal  and  sympathetic  systems, 
not  only  through  the  spinal  nerves,  but  also  through  the 
pneumogastric,  are  to  be  kept  in  mind  in  considering 
the  effects  produced  by  varying  mental  conditions  on  the 
secretions  of  the  glands. 

1  C.  Dittmar,  by  carefully  devised  experiments  performed  on 
rabbits,  has  localised  the  vaso-motor  centre  in  the  medulla  oblongata 
in  a  spot  about  3  millimetres  above  the  point  of  the  calamus  scrip- 
torius,  1  to  IJ  mm.  ('04  to  -06  inch)  below  the  lower  margin  of  the 
tuberculum  laterale.  Vulpian,  however,  from  his  experiments  con- 
siders that  the  vaso-motor  centre  is  not  limited  to  the  medulla  oblon- 
gata, but  that  numerous  centra  are  seated  in  the  grey  substance  of  the 
spinal  cord. 


CHAPTEE  VI. 
OEGANS  OF  SENSE. 


The  organs  of  sense  are  the  organs  through  the  interme- 
diation of  which  the  mind  becomes  cognisant  of  the  appear- 
ance and  properties  of  the  various  objects  in  the  external 
world.    These  organs  are  severally  named  nose,  eye,  ear, 
tongue,  and  skin.    For  the  excitation  and  perception  of  a 
sensation  three  sets  of   structures  are   necessary:  a,  a, 
peripheral  end-organ ;  b,  a  sensory  nerve ;  c,  a  central 
organ.    The  peripheral  end-organ  is  the  part  of  the  appa- 
ratus to  which  the  stimulus  necessary  for  the  production  of 
the  sensation  is  applied.    This  stunulus  causes  nervous 
impulses  to  be  propagated  from  the  end-organ  along  the 
fibres  of  the  sensory  nerve  to  the  central  organ,  in  which 
that  nerve  terminates  at  its  central  extremity.    These  ner- 
vous impulses  occasion  molecular  changes  in  the  nerve  cells 
of  the  brain,  and  the  mind  becomes  conscious  of  a  sensation. 
The  shape  and  construction  of  each  organ  of  sense  is  adapter 
to  the  apphcation  of  the  stimulus  required  for  the  produc 
tion  of  the  particular  sensation  to  which  the  organ  is  sub 
servient.    Each  organ  of  sense  possesses  its  own  character 
istic  form  of  end-organ.    The  touch  corpuscles  of  the  skin, 
the  end  bulbs  found  in  several  mucous  membranes,  and 
the^  Pacinian  corpuscles,  are  the  end-organs  occurring  in 
tlieir  several  locahties;  the  peripheral  ends  of  the  sen- 
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sory  nerves  pass  into  tlieir  substance,  and  the  axial  cylin- 
der of  the  nerve  fibre  ends  in  their  interior.    The  rods 
and  cones  of  the  retina,  the  rods  of  Corti  in  the  cochlea, 
the  olfactory  ceUs  of  the  nose,  and  the  gustatory  bodies 
in  the  tongue,  are  the  end-organs  belonging  to  their  several 
organs  of  sense;  the  sensory  nerve  fibres  which  termi- 
nate in  relation  with  them  have  .not  yet,  however,  been 
traced  into  actual  continuity  with  their  substance.  A 
stimulus,  whatever  may  be  its  nature,  applied  to  any 
organ  of  sense  can  excite  only  that  kind  of  sensation  for 
the  production  of  which  the  organ  is  subservient.  Thus 
a  stimulus  applied  to  the  eye,  whether  it  be  the  natural 
stimulus  of  the  waves  of  light,  the  mechanical  stimulus 
of  a  blow,  or  an  electric  stimulus,  can  only  excite  the 
sensation  of  light.    StimuH  applied  to  the  ear  can  only 
excite  the  sensation  of  sound,  and  in  like  manner  with  the 
other  senses.    In  studying  the  anatomy  of  the  organs  of 
sense  the  arrangement  of  numerous  accessory  structures, 
which  assist  either  in  conducting  stimuli  or  in  modifying 
their  effects,  the  arrangement  and  structure  of  the  peripheral 
end-organs,  and  the  origin,  course,  and  distribution  of  the 
sensory  nerves,  will  have  to  be  considered. 


The  Nose. 


'  The  Nose  or  organ  of  smeU  is  a  large  cavity  situated  in 
the  face,  between  the  orbits,  above  the  mouth,  and  below 
the  cribriform  plate  of  the  ethmoid  bone.  It  communicates 
by  the  ant^ior  nares,  or  nostrils,  with  the  external  atmos- 
phere by  the  postericyr  nares  with  the  pharynx,  and  through 
it  with  the  larynx,  trachea,  and  lungs.    It  is  the  proper 
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entrance  to  the  respiratory  passage,  is  accessory  to  the  pro- 
duction of  the  voice,  aids  in  the  sense  of  taste,  and  forms 
one  of  the  most  important  features  of  the  face.    It  is  sub- 
divided into  a  right  and  a  left  chamber  by  a  vertical  mesial 
partition,  the  septum  nasi,  so  that  the  nose  is  a  double 
organ  in  the  same  sense  as  the  eyes  or  ears  are  double. 
The  walls  of  the  cavity  of  the  nose  are  formed  partly  of 
bone  and  partly  of  cartilage.    The  osseous  walls  are  referred 
to  on  page  34.    The  cartilages  form  the  point,  the  ate,  and 
a  part  of  the  septum  nasi.    The  mesial  or  septal,  cartilage  is 
triangular  in  shape,  and  fits  into  the  interval  between  the 
vomer,  the  mesial  plate  of  the  ethmoid,  and  the  nasal  spine 
of  the  superior  maxiUa  (Fig.  7).    Anteriorly  and  inferiorly 
its  border  is  free,  projects  on  to  the  face,  and  forms  the 
columna  of  the  nose.    The  laiei-al  cartilages  form  the  tip 
and  alse.  On  each  side  is  an  iipjjer  lateral  cartilage  attached 
by  its  outer  margin  to  the  free  edge  of  the  nasal  bone  and 
superior  maxilla,  whilst  by  its  inner  it  is  continuous  with  the 
anterior  border  of  the  septal  cartilage.    The  lower  lateral 
cartilage  curves  inwards  upon  itself,  touches  its  fellow  in 
the  mesial  plane  at  the  tip,  and  forms  the  anterior  and 
lateral  boundary  of  the  orifice  of  the  nostril.    It  is  con- 
nected by  fibrous  membrane  above  to  the  upper  lateral 
cartilage,  and  behind  to  the  anterior  edge  of  the  superior 
maxiUa.    In  this  membrane  two  to  five  small  cartilaginous 
plates,  caUed  the    epactal  cartilages,  are  often  found 
imbedded.    The  skin  of  the  nose  which  covers  the  lower 
lateral  cartilages  contains  numerous  sebaceous  foUicles 
which  open  by  comparatively  large  orifices  on  the  surface.' 
It  IS  closely  connected  to  these  cartilages,  and  to  the 
muscles  of  the  ate.    Tte  lower  lateral  cartilage  forms  the 
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wall  of  the  vestibule  or  entrance  to  the  nasal  chamber,  and 
the  vestibule  is  lined  by  a  prolongation  of  the  integument, 
which  is  studded  with  numerous  short  hairs  or  vihriss<x. 
Each  nasal  chamber  is  lined  by  a  mucous  membrane  caUed 
the  pituitary  or  Schieiderian  membrane,  which  is  pro- 
longed into  the  meatuses  and  the  air  sinuses  opening  into 
them;  posteriorly  it  is  continuous  with  the  mucous  lining 
of  the  pharynx,  and  anteriorly  it  blends  with  the  cutaneous 
lining  of  the  vestibule.    The  pituitary  membrane  is  thick 
and  soft,  and  diminishes  the  size  of  the  meatuses  and  the 
openings  of  the  air  sinuses  as  seen  in  the  skeleton.  The 
mucous  membrane  is  divided  into  a  respiratory  and  an 
olfactory  region.    The  respiratory  region  corresponds  to  the 
floor  of  the  nose,  to  the  inferior  turbinated  bone,  and  to 
the  lower  third  of  the  nasal  septum.    It  is  covered  by  a 
ciliated  columnar  epithelium,  and  contains  numerous  race- 
mose glands  for  the  secretion  of  mucus  or  pituita.    It  is 
also  vascular,  and  the  veins  which  ramify  in 'it  have  a 
plexiform  arrangement.    The  mucous  lining  of  the  air 
sinuses  is  also  ciliated,  but  almost  devoid  of  glands,  except 
in  the  antrum,  in  which  region  the  glands  sometimes  dilate 
into  cystic  tumours. 

The  olfactory  region  is  the  seat  of  distribution  of  the 
olfactory  nerve  and  of  its  peripheral  end-organs.  It  corre- 
sponds to  the  roof  of  the  nose,  to  the  superior  and  middle 
turbinals,  and  the  upper  frds  of  the  septum.  The  mucous 
membrane  is  thick,  soft,  easUy  destroyed,  of  a  yeUowish 
brown  colour,  and  blended  with  the  periosteum.  When 
vertical  sections  through  this  membrane  are  exammed 
microscopically  the  tubular  glands  discovered  by  Bowman 
may  be  seen  in  its  vascular  connective  tissue  layer.  These 
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glands  contain  roundish  secreting  cells  with  yellowish- 
brown  pigment-stained  contents.  The  epithelium  is  cylin- 
drical, but  not  usually  ciliated,  though  patches  „p-- 
of  ciliated  epithelium  cells  are  said  to  occur 
in  man.  Long,  slender,  and  even  branched 
processes  proceed  from  the  deeper  end  of 
each  cell  towards  or  even  into  the  sub-epi- 
thelial connective  tissue.  The  cells  usually 
contain  pigment  granules.  Between  the  epithe- 
lium cells  the  characteristic  olfactory  cells  of 
Schultze  are  situated.  Each  olfactory  cell  (Fig. 
96)  consists  of  a  globular  or  fusiform  body, 
from  which  two  long  processes  arise  :  one,  the 
pmj^/ieraZ  process,  passes  vertically  between  the 
adjacent  cyHndrical  epithelium  cells  to  the  free 
surface  of  the  mucous  membrane :  in  amphibia, 
reptiles,  and  birds  it  projects  beyond  the  plane  ^thVough^^'^'the 
of  the  epithelium  as  a  simple  hair-hke  struc-  coiis^""^^niem- 

,  T  .  brane.   e,  epi- 

ture,  or  subdivided  mto  several  slender  "  oZ/cic-  tueiium  ceii; 

J    .      ,    .  0,  olfactory 

toryJmirs;'  m  fish  and  mammals,  man  in-  cell;  c,  its  peri- 
pheral ;  and  p, 

elusive,  it  ends,  without  forming  a  hair-like  ^'^  central  va- 

°  ricose  process 

prolongation,  on  the  general  plane  of  the  WterSchuUze. 
mucous  surface.    The  second  or  central  process  of  the  olfac- 
tory cell  extends  towards  the  sub-epithelial  connective 
tissue  :  it  is  finer  than  the  peripheral  process,  and  has  not 
unfrequently  a  varicose  appearance  like  a  nerve  fibre. 

In  the  description  of  the  development  of  the  brain  (p.  214), 
the  origin  of  the  olfactory  bulb  and  peduncle  from  the 
hemisphere  vesicle  was  referred  to.  In  the  adult  brain  the 
olfactory  peduncle  is  in  contact  with  the  under  surface  of 
the  frontal  lobe  (Fig.  94).  It  is  a  white  band,  which  divides 
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in  front  of  the  locus  perforatus  anticus  into  the  three  so- 
eaJled  roots  of  the  olfactory  nerve.    The  external  or  long 
root  passes  outwards  across  the  Sylvian  fissure  to  the  gyrus 
hippocampi,  and  perhaps  also  to  the  insula :  a  few  fibres 
are  continuous  with  the  anterior  commissure;  but  in  those 
Tna.Trtma.lR,  in  which  the  olfactory  peduncle  forms  a  good- 
sized  lobe,  it  receives  many  fibres  from  the  commissure. 
The  middle  or  grey  root  contains  white  fibres  which 
proceed  from  the   coqjus  striatum.     The  internal  or 
slioH  root  has  been  traced  into  the  anterior  end  of  the 
gyrus  foriiicatus;  hence  the  inner  and  outer  roots  of 
the  olfactory  peduncle  are  connected  with  the  anterior 
and  posterior  extremities  of  the  arch-shaped  gyrus.  The 
olfactory  lulhs  rest  on  the  upper  surface  of  the  cribri- 
form plate  of  the  ethmoid,  one  on  each  side  of  the 
crista  galli.    Each  bulb  consists  both  of  grey  and  white 
matter,  and  sometimes  retains  the  central  cavity  Hned  by 
a  ciliated  epithelium.     The  grey  matter  contains  fusi- 
form and  pyramidal  nerve  cells  imbedded  in  neuroglia  (the 
stratum  gelatinosum  of  L.  Clarke).     Between  it  and  the 
central  cavity  is  the  white  matter  formed  of  nerve  fibres 
interspersed  with  "granules,"  similar  to  those  seen  in 
the  rust  coloured  layer  of  the  cerebellum.    Between  the 
grey  matter  and  the  surface  is  the  stratum  glomei^idosum  of 
Meynert,  which  apparently  consists  of  coils  of  the  olfactory 
nerve  fibres  with  interspersed  "granules."    The  olfactory 
mrve  fibres  form  the  first  pair  of  cranial  nerves  or  nerves 
of  smeU;  they  leave  these  glomeruli  in  from  15  to  25 
bundles,  and  enter  the  roof  of  the  nose  through  the  holes 
in  the  cribriform  plate;  they  lie  in  grooves  in  the  bones 
of  the  olfactory  region,  and  form  a  network  from  \Yhich 
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bundles  of  fine  non-medullated  fibres  arise  that  enter  the 
mucous  membrane  and  run  between  tlie  glands  into  the 
epithelial  layer.  These  nerves  have  a  varicose  appearance, 
and  though  their  terminations  have  not  been  precisely 
ascertained,  it  is  believed  that  they  are  connected  with  the 
varicose  central  processes  of  the  olfactory  cells,  which  cells 
are  therefore  regarded  as  the  peripheral  end-organs  of  the 
olfactory  nerve  fibres.  The  mucous  membrane  of  the  nose 
also  receives  branches  from  the  1st  and  2d  divisions  of  the 
5th  cranial  nerve.  Their  mode  of  termination  in  that 
membrane  is  not  known,  but  they  are  associated  with  the 
sense  of  touch,  and  not  with  the  special  sense  of  smell. 

The  nose  appears  on  the  face  of  the  embryo  in  the  form 
of  two  little  depressions  in  the  epiblast,  the  nasal  pits,  one 
on  each  side  of  the  mesial  plane.  Each  pit  is  superficial 
to  the  olfactory  bulb  prolonged  forward  from  the  corre- 
sponding hemisphere  vesicle,  and  lies  between  the  fronto- 
nasal process  and  the  maxillary  process  in  the  embryo 
head.  At  first  the  rudimentary  nasal  chambers  freely 
communicate  with  the  cavity  of  the  mouth;  but  by  the 
growth  inwards  to  the  mesial  line  of  the  palate  of  the 
palatal  processes  of  the  superior  maxillary  lobes,  the 
cavity  of  the  mouth  is  shut  off  from  the  nose,  except 
where  the  incisive  canals  remain  pervious  in  the  anterior 
part  of  the  upper  jaw  bones.  As  the  nasal  pits  are  lined 
by  an  involution  of  the  epiblast,  the  epithelial  lining  of 
the  nose,  including  the  olfactory  cells,  is  derived  from  the 
epiblast  cells.  The  osseo-cartilaginous  framework  of  the 
nose  is  produced  by  a  differentiation  of  the  mesoblast,  and 
in  all  probability  the  olfactory  nerve  fibres  distributed  to 
the  mucous  membrane  are  also  derived  from  the  mesoblast. 
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The  Eyeball. 

The  Eyeball,  globe  or  apple  of  the  eye,  or  organ  of 
vision,  is  a  complex  optical  apparatus  situated  ia  the  cavity 
of  the  orbit,  imbedded  to  a  large  extent  in  loose  fat,  and 
with  several  muscles  attached  to  it.  Its  form  approximates 
to  the  spheroidal,  but  it  actually,  .consists  of  segments  of 
two  spheres,  the  posterior  of  which  is  the  larger. 

The  eyeball  consists  of  three  coats  or  tunics,  which 
enclose  three  translucent  refracting  media.    The  first  or 


jTjQ  97  Dingi'ammatic  section  through  the  eyeball.  <y,  conjnnctiva ;  co,  comea ; 

Sc  sclerotic-  ch,  choroid;  pc,  ciliary  processes;  mc,  ciliary  muscle;  0,  optic 
nerve  -  R  retina;  I,  iris;  aq,  anterior  chamber  of  aqueous  humour;  L,  lens; 
V  vitreous  body ;  Z,  zonule  of  Zinn,  the  ciliary  process  being  removed  to  show 
it";  p,  canal  of  Petit;  m,  macula  or  yellow  spot.  The  dotted  line  behind  the 
comea  represents  its  posterior  epithelium. 

external  coat  consists  of  a  posterior,  white,  opaque  part, 
the  sclerotic,  which  corresponds  in  its  area  with  the  posterior 
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larger  segment  of  the  eyeball,  and  of  an'  anterior,  translu- 
cent part,  the  cornea,  which  corresponds  in  its  area  with 
the  anterior  smaller  segment  of  the  eyeball.  Piercing  the 
sclerotic  coat  is  the  optic  nerve,  which  enters  the  globe 
about  -^th  inch  to  the  nasal  or  inner  side  of  its  antero- 
posterior axis.  The  second  or  middle  coat,  or  tunica 
vasculosa,  consists  of  a  posterior  part  or  choroid,  the  area 
of  which  corresponds  almost  exactly  with  the  sclerotic; 
this  coat  possesses  anteriorly  numerous  folds,  the  ciliary 
pr-ocesses,  which  are  continuous  with  the  iris,  a  structure 
which  lies  behind  the  cornea.  The  third  or  internal  or 
nervous  coat  is  named  the  retina,  and  in  it  the  optic  nerve 
terminates.  The  enclosed  refracting  media  occupy  the 
axis  of  the  globe,  and  are  named  from  before  backwards 
the  aqueous  humour,  crystalline  lens,  and  vitreous  body. 


THE  EXTERNAL  OR  FIBROUS  TUNIC. 

The  Sclerotic  coat,  called  from  its  white  appearance  the 
white  of  the  eye,  is  a  firm,  unyielding  fibrous  membrane, 
which  forms  the  posterior  |ths  of  the  outer  coat  of  the 
eyeball.  It  is  thicker  behind  than  in  front,  and  where 
pierced  by  the  optic  nerve  it  has  a  cribriform  structure,  as 
the  bundles  of  nerve  fibres  do  not  pass  through  one  large, 
but  several  smaU  openings.  The  sclerotic  consists  of  the 
white  fibrous  form  of  connective  tissue,  intermingled  with 
a  smaU  proportion  of  elastic  fibres.  The  bundles  of  white 
fibres  lie  in  two  directions;  some  pass  in  the  meridian  of 
the  globe  from  the  optic  nerve  towards  the  cornea,  others 
lie  paraUel  to  its  equator.  The  sclerotic  is  joined  by 
accessory  fibres  behind,  derived  from  the  perineurium  of 
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the  optic  nerve,  where  the  nerve  pierces  it ;  and  in  front 
from  the  tendons  of  the  recti  and  obliqui  muscles,  which  are 
inserted  into  it.  In  the  cetacea  the  sclerotic  possesses  extra- 
ordinary thickness.  In  fish  and  amphibia  it  consists  largely 
of  cartilage,  and  in  birds  a  ring  of  bone  is  developed  around 
its  anterior  margin.  It  is  the  protecting  coat  of  the 
eyeball. 

The  Cornea  forms  the  translucent  anterior  ^th  of  the 
outer  coat  of  the  eyeball.  It  is  ahnost  circular  in  form, 
and  is  blended  at  its  circumferencewith  the  anterior  border 
of  the  sclerotic.  Its  anterior  surface  is  convex,  and  covered 
by  the  conjunctival  epithelium.  The  forward  projection 
of  the  cornea  is  always  greater  in  young  than  in  aged 
persons.  Its  posterior  surface  is  concave,  and  bounds  the 
chamber  in  which  the  aqueous  humour  is  contained :  if  the 
chamber  be  punctured,  and  the  humour  evacuated,  the 
cornea  loses  its  translucency,  tension,  and  forward  con- 
vexity, and  becomes  flaccid  and  opaque.  It  has  considerable 
thickness,  and  can  be  readHy  split  up  into  laminjs.  When 
antero-posterior  sections  are  made  through  it  and  the 
epitheUum  on  its  anterior  and  posterior  surfaces,  foui- 
distinct  series  of  structures  may  be  seen,  viz.,  the  anterior 
epitheUum,  the  proper  tissue  of  the  cornea,  the  posterior 
elastic  lamina,  and  the  posterior  epithelium. 

The  anterior  epithelmm  of  the  cornea,  often  called  the  con- 
junctival epithelium,  is  stratified.  The  deepest  layer,  which 
lies  next  the  cornea,  is  formed  of  elongated  ceUs,  placed 
vertically  to  the  plane  of  the  surface  of  the  cornea.  The 
more  superficial  layers  are  squamous  ceUs,  often  with  fluted 
surfaces  and  serrated  or  spinous  edges.  The  intermediate 
layers  are  irregular  in  shape,  and  often  possess,  as  Cleland 
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pointed  out,  long  digitate  processes,  wliich  interlock  with 
those  of  the  adjacent  cells. 

The  proper  tissue  of  the  cornea  is  a  modified  form  of 
connective  tissue.  When  examined  fresh  it  appears  as  if 
perfectly  homogeneous,  but  after  a  time,  and  more  espe- 
cially if  hardened  in  alcohol,  chloride  of  gold,  and  other 
reagents,  it  is  seen  to  , 
consist  of  cells  and  an  ( 
intercellvdar    matrix.  Ov  Mk 

The  cells  consist  of 

two     kinds,  —  those  •7T"~'^**^       — •°~«^.-' 

which  belong  to  the 
cornea,    and  those 

1  .  ,    ,  .  Fig.  98.— stellate  cell  from  the  centre  of  the 

Wmcn  have  migrated  coi-nea  of  an  ox.    {From  Thin.) 

into  it.    The  proper  cornea  cells  or  cornea  corpuscles  were 
first  seen  by  Toynbee,  and  have  been  carefully  studied  by 
numerous  subsequent  observers.    They  are  large  stellate, 
flattened  cells,  and  lie  with  their  surfaces  parallel  to  the  sur- 
faces of  the  cornea ;  they  possess  branching  thread-like  pro- 
cesses, and  the  processes  of  adjacent  cells  anastomose  to  form 
a  ceH  network  (Fig.  98).   They  consist  of  nucleated  masses 
of  protoplasm,  which  Kiihne  showed  to  be  contractile,  and 
are  apparently  destitute  of  a  cell  waU.    In  vertical  sections 
through  the  cornea  the  corpuscles  seem  as  if  shaped  like 
elongated  spindles.    The  migrating  cells  of  the  cornea  were 
first  seen  by  von  Recklinghausen.    They  resemble  white 
blood  corpuscles,  and  possess  active  amoeboid  movements, 
so  that  they  can  wander  through  the  corneal  tissue.    In  a 
healthy  cornea  they  have  migrated  out  of  the  marginal 
blood-vessels;  but  in  an  inflamed  cornea,  where  their  num- 
ber is  greatly  increased,  they  are  in  pait  white  corpuscles 
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derived  from  the  blood,  and  in  part  produced  by  prolifera- 
tion of  the  proper  cornea  corpuscles.  The  intercellular 
matrix  of  the  cornea  consists  of  a  laminated  substance, 
the  lamellse  being  arranged  parallel  to  the  surfaces  of  the 
cornea.  The  lamellse  consist  of  extremely  delicate  filaments, 
collected  into  bundles,  which  are  invested,  according 
to  Thin,  by  flattened  cells,  like  the  cellular  investment 
r.  of     the  bundles 

of  a  tendon.  Im- 
mediately under  the 
anterior  epithelium 
the  fasciculi  decus- 
sate with  each  other, 
and  at  the  circum- 
ference of  the  cor- 
nea the  fasciculi  run 
into  the  connective 
tissue  of  the  sclero- 
tic.    Bowman  de- 
scribedatranslucent 
structureless  layer 
or  anterior  elastic 
lamina  between  the 
conjunctival  epithe- 

Vtn  no  _Cornca  treated  by  nitrate  of  silver,  a, 
Ivmpli-vessel-  6,  lino  separaiiiig  two  of  tlie  cells  hum  and  the  COmCa 
forrains  its  lining ;  c,  communication  between  the  i,*.  u 

vessel  and  a  lacuna  surrounding  a  cornea  corpuscle ;  proper,     DUt    It  IS 
d,  matrix  of  the  comea;  e,  lacuna  of  the  cornea.  ^  ^ 
{From  Thin.)  doubtful     it  tJllS 

layer  exists  as  a  constant  arrangement.  Bowman  and 
other  observers  have  injected  tubular  spaces  in  the  cornea 
which  are  apparently  situated  between  the  lamella.  The 
exact  nature  of  these  spaces  is  somewhat  doubtful,  but 
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Thin  believes  them  to  be  lymph-vessels  traversing  its 
substance,  for  he  has  seen  a  lining  of  flat  cells  similar 
to  the  endothelial  cells  Kning  the  lymphatics  (Fig.  99). 
It  is  probable  that  these  spaces  serve  as  the  chan- 
nels for  the  migrating  corpuscles  to  wander  through. 
Thin  also  describes  the  proper  cornea  corpuscles  as  lying 
in  lacuuEe,  lined  by  flat  cells,  which  communicate  with 
each  other  and  with  the  lymph-vessels.  The  posterior 
elastic  lamina  forms  a  distinct,  translucent,  structureless 
layer  adherent  to  the  back  of  the  proper  tissue  of  the  cornea, 
from  which  it  may  be  stripped  off  without  much  difficulty. 
When  torn  across,  the  edges  curl  inwards  towards  the 
corneal  tissue.  It  is  from  ^-(jVir  ^'^  Wo-ir  i^^h  thick,  and 
resists  the  action  of  various  reagents.  This  lamina  thins 
off  at  its  circumference  and  splits  into  fibres,  which  become 
continuous  with  the  pectinate  ligament  of  the  iris. 

The  posterior  epithelium  of  the  cornea,  also  called  the 
epithelium  of  the  aqueous  humour,  forms  a  single  layer 
of  polygonal  cells  on  the  back  of  the  posterior  elastic 
lamina.  It  is  continuous  with  the  epithelial  covering  of  the 
pectinate  ligament  and  of  the  anterior  surface  of  the  iris. 

The  cornea  is  not  in  the  adult  traversed  by  blood-vessels, 
though  in  the  foetus  a  layer  of  capillaries  lies  near  its 
anterior  surface.  In  the  adult,  however,  the  margin  of 
the  cornea  is  penetrated  by  a  zone  of  capillary  loops  derived 
from  the  arteries  of  the  conjunctiva  ;  these  loops,  according 
to  Lightbody,  are  invested  by  perivascular  lymph  spaces. 
The  venous  canal  of  Schlemm  runs  round  the  circumference 
of  the  cornea,  at  the  junction  of  its  deeper  layers  with  the 
sclerotic.  Leber  states  that  it  is  not  a  simple  canal,  but 
a  plexiform  arrangement  of  veins.    The  nerves  of  the 
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cornea  first  seen  by  Schlemm  have  been  carefully  examined 
by  recent  observers.    They  arise  from  the  ciliary  nerves, 

and  enter  the  margin  of 
the  cornea  in  from  twenty 
to  forty  fasciculi,  which 
run  from  the  circumfer- 
ence to  the  centre  and  to 
the  anterior  surface  of  the 
cornea,  and  give  off  nu- 
merous branches.  Thin 
states  that  the  nerves  lie 
free  in  the  lymph  spaces 
and  canals,  and  that  be- 
tween them  and  the  flat 
cells  lining  the  canals  is 

Fio.  100.— Cornea  trcntefl  with  nitrnte  of  the   fluid-fiUed   spaCC  in 
silver  and  chloride  of  gold;  i,  anastomosis     ,  .  ,  •  ,■ 

between  two  cornea  corpuscles;  i,  stellate  whlch  the  migrating  COr- 
cornea  corpuscle ;  </,  nerve  fibre  lying  in  a 

lymphatic  canaL    (From.  Tliin.)  pusclcs  Can  Wander.  ine 

nerve  fibres  soon  lose  their  medullary  sheath,  and  branch ; 
adjacent  branches  then  communicate,  and  form  plexuses 
which  possess  nuclei  at  the  points  of  intersection  of  the 
nerves.  From  these  plexuses  delicate  branches  again 
arise,  some  of  which  penetrate  between  the  cells  of  the 
anterior  epithelium,  whilst  others  end  in  the  proper  tissue 
of  the  cornea.  Kiihne  stated  that  the  terminal  fibres 
ended  in  the  cornea  corpuscles,  but  this  statement  has  not 
been  confirmed. 
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THE  MIDDLE  OR  VASCULAR  TUNIC. 

The  Choroid  coat  forms  the  largest  portion  of  the  middle 
coat  of  the  eyeball.  It  lies  immediately  internal  to  the 
sclerotic,  and  extends  as  far  forward  as  the  corpus  cUiare, 
or  aunulus  albidus,  where  it  forms  the  ciliary  processes  ;  it 
is  pierced  posteriorly  by  the  optic  nerve.  It  has  a  deep 
black  colom-,  from  the  numerous  pigment  ceUs  it  contains, 
and  is  abundantly  provided  with  blood-vessels  and  nerves. 
The  Corpus  ciliare,  or  annulus  albidus,  is  a  greyish-white 
ring  which  surrounds  the  anterior  border  of  the  choroid 
close  to  the  junction  of  the  sclerotic  and  cornea.  It  consists 
of  two  portions — an  external,  the  ciliary  muscle,  which  lies 
next  the  sclerotic,  and  an  internal,  the  ciliary  processes. 
The  ciliary  processes,  about  80  in  number,  are  folds  of  the 
middle  tunic  separated  from  each  other  by  furrows  which 
extend  forwards  in  the  meridional  direction  as  far  as  the 
iris,  and  form  collectively  a  zone-like  plated  frill  around 
the  circumference  of  the  iris.  On  the  one  hand,  they  are 
continuous  with  the  vasculo-pigmentary  structures  of  the 
choroid ;  on  the  other,  with  the  vasculo-pigmentary  struc- 
tures of  the  iris. 

The  Iris  is  a  circular,  flattened  disc-shaped  diaphragm, 
situated  behind  the  cornea,  in  front  of  the  crystalline  lens, 
and  bathed  by  the  aqueous  humour.  By  its  circumference 
or  ciHary  border  the  iris  is  not  only  continuous  with  the 
ciliary  processes,  but  is  connected  by  fibres,  termed 
ligamentum  pectinatum,  with  the  posterior  elastic  lamina  of 
the  cornea.  The  iris  is  the  structure  which  gives  the 
characteristic  colour  to  the  eye — blue,  grey,  brown,  hazel, 
as  the  case  may  be.    It  is  perforated  at,  or  immediately  to 
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the  inner  side  of,  its  centre  by  a  circular  aperture,  the 
pupil,  the  size  of  which  is  regulated  by  the  contraction  or 
relaxation  of  the  muscular  tissue  of  the  iris. 

The  structure  of  the  several  divisions  of  the  middle  coat 
will  now  be  considered. 

The  Choroid  coat  has  its  inner  or  anterior  surface  formed 
by  a  distinct  pigmentary  layer  of  hexagonal  pigment  cells 
(Fig.  45).    In  the  eyes  of  Albinos,  though  the  cells  are 
present,  they  contain  no  pigment.   In  many  mammals  also, 
the  pigment  is  absent  from  the  inner  surface,  so  that  the 
choroid  possesses  a  beautiful  iridescent  lustre,  the  tapetum 
lucidum.    In  ruminant  animals  and  in  the  horse  the  irides- 
cence is  due  to  the  reflection  of  the  light  by  the  bundles  of 
the  connective  tissue  stroma,  but  in  cats  and  other  carnivora 
the  prismatic  colours  are  due  to  the  reflection  of  the  light 
from  polygonal  nucleated  cells,  which  Schultze  states  con- 
tain double  refracting  crystals.    Next  the  inner  pigmen- 
tary layer  is  the  lamina  vitrea,  the  elastic  layer  of  KolKker. 
It  forms  a  translucent  membrane,  described  by  some  as 
structureless,  but  by  KoUiker  as  faintly  fibrous,  which  is 
intimately  connected  with  the  stroma  of  the  choroid-  The 
stroma  consists  of  a  plexiform  arrangement  of  bundles 
of  connective  tissue,  in  the  intervals  between  which  nume- 
rous stellate  pigment  cells  are  situated,  which  give  to  the 
entire  thickness  of  the  choroid  its  black  appearance.  This 
stroma  connects  the  outer  surface  of  the  choroid  with  the 
inner  surface  of  the  sclerotic,  and  forms  the  lamina  fusca. 
Kamifying  in  the  stroma  are  the  blood-vessels  and  nerves. 
The  vessels  of  the  choroid  are  arranged  in  two  layers.  Next 
the  lamina  vitrea  is  a  plexiform  capillary  layer,  the  meshes 
of  which  are  so  minute,  and  the  vessels  so  compacted  to- 
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"getlier,  as  to  give  the  appearance  of  avascular  membrane,  long 
known  as  the  membrana  Ruyschiatia.    The  capillaries  radi- 
ate like  minute  stars  from  the  terminal  twigs  of  the  choroidal 
arteries  and  veins.    The  choroidal  arteries  and  veins  form 
a  layer  external  to  the  capillaries,  i.e.,  next  the  lamina  fusca. 
The  arteries  are  the  short  posterior  ciliary  branches  of  the 
ophthalmic  artery,  which  pierce  the  sclerotic  close  to  the 
entrance  of  the  optic  nerve,  and,  running  forwards  in  a  tor- 
tuous manner,  divide  dichotomously  before  ending  in  the 
capillaries.    The  veins  of  the  choroid  are  arranged  in  a 
series  of  remarkable  whorls,  named  the  ven<je  vorticosce, 
which  receive  the  blood  not  only  from  the  capillaries  of  the 
choroid  proper,  but  from  those  of  the  iris  and  ciliary  body  ^ 
they  discharge  their  blood  by  means  of  from  4  to  6  veins 
into  the  ophthalmic  vein.    The  ciliari/  miiscle  is  the  greyish 
white  structure  which  forms  the  outer  part  of  the  ciliary 
body.    It  was  at  one  time  called  the  ciliary  ligament,  but 
Its  muscular  nature  was  discovered  almost  simultaneously 
by  Bowman  and  Briicke.   It  consists  of  smooth  involuntary 
muscle,  the  fibres  of  which  are  arranged  in  two  layers. 
The  outer  and  thicker  part  of  the  muscle  consists  of  fasci^ 
culi,  which  arise  close  to  the  canal  of  Schlemm,  i.e.,  opposite 
the  junction  of  the  sclerotic  and  cornea,  and  radiate  from 
before  backwards  in  the  meridian  of  the  eyeball,  between 
the  ciliaiy  processes  and  the  sclerotic.    The  inner  part  of 
the  muscle  forms  a  ring-like  arrangement  of  fasciculi  close 
to  the  circumference  of  the  iris,  and  is  often  called  the 
annular  muscle  of  MiUler.    Iwanoff  has  shown  that  in 
long-sighted  persons  (hypermetropic)  the  annular  muscle 
IS  strongly  developed;  whilst  in  short-sighted  (myopic) 
eyes  its  fasciculi  are  very  feeble.    The  Ciliary  Processes 
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have  on  their  inner  surface  a  black  pigmentary  layer  of 
cells  continuous  with  that  of  the  choroid.    The  vitreous 
layer  is  also  present,  but  according  to  H.  Miiller  is  no 
lono'er  smooth  but  reticulated.    The  stroma  does  not  con- 
tain  so  large  a  proportion  of  stellate  pigment  cells  as  in 
the  choroid.    The  arteries  have  been  carefully  studied  by 
Leber;  they  are  the  long  posterior  cUiary  branches  of  the 
ophthalmic,  and  the  anterior  ciliary  branches  of  the  muscu- 
lar branches  of  the  ophthalmic.    They  pierce  the  sclerotic, 
run  forwards,  and  at  the  anterior  border  of  the  ciliary 
muscle  form  by  their  anastomoses  the  circuhis  arteriosus, 
which  gives  origin  to  the  arteries  for  the  ciliary  processes 
and  the  iris.    The  arteries  for  the  ciliary  processes  are 
short,  and  divide  into  tortuous  branches,  which  frequently 
anastomose,  and  form  highly  complex  vascular  plexuses, 
from  which  arise  veins  that  join  the  ven»  vorticosse. 
Before  the  long  ciliary  arteries  contribute  to  the  formation 
of  the  arterial  circle  they  send  branches  to  the  ciliary 
muscle,  and  recurrent  branches  to  the  anterior  part  of  the 
proper  choroid  coat. 

The  iris  has  its  anterior  surface  covered  by  a  layer  of 
cells  continuous  with  the  epithelium  of  the  aqueous 
humour.  This  layer  is  continuous  at  the  pupillary  border 
with  a  thick  layer  of  cells  fiUed  with  black  pigment  granules, 
the  uvea,  which  covers  the  posterior  surface  of  the  iris,  and 
at  its  ciUary  border  is  continuous  with  the  pigmentary  layer 
of  the  ciUary  processes.  The  connective  tissue  stroma  of 
the  iris  also  contains  steUate  pigment  ceUs.  The  variations 
in  colour  of  the  iris  in  different  eyes  depend  upon  the  dis- 
tribution and  amount  of  the  pigment  in  the  uvea  and  the 
stellate  cells:  in . dark-coloured  eyes,  both  are  fiUed  with 
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dark  pigment  granules ;  wMst  in  light-coloured  eyes  the 
stellate  cells  of  the  stroma  are  either  devoid  of  pigment  or 
only  faintly  coloured.    The  iris  contains  numerous  fasciculi 
of  involuntary  or  non-striped  muscular  fibre  arranged  in 
two  dii-ections.    Circularly  arranged  fibres  surround  the 
aperture  of  the  pupil,  and  form  the  sphincter  muscle,  by 
the  contraction  of  which  the  size  of  the  pupU  is  diminished. 
Smooth  muscular  fibres  also  radiate  from  the  pupdlary  to 
the  ciliary  border  of  the  iris  and  form  the  dilatator  muscle. 
The  muscular  nature  of  these  fibres  in  the  human  iris  was 
long  disputed,  but  was  satisfactorily  demonstrated  in  1852 
by  Lister.    Jeropheef  has  also  described  circular  fascicuH 
smrounding  the  ciHaiy  border.    In  birds  and  reptiles  the 
muscular  tissue  of  the  iris  consists  of  transversely  striped 
fibres.    The  arteries  of  the  iris  arise  from  the  circulus 
arteriosus,  and  run  radiaUy  forwards  towards  the  pupil, 
where  they  anastomose  and  form  the  circulus  iridis  minor 
They  possess  relatively  thick  external  and  muscular  coats. 
The  capillaries  form  a  plexus  not  so  compact  as  that  of  the 
choroid  coat.    The  veins  of  the  iris  end  in  the  ven^  vorti- 
cose.   In  the  foetus  the  pupH  is  closed  in  by  a  deHcate 
membrane,  membrana  pupillaris,  into  which  the  blood- 
vessels of  the  iris  are  prolonged.    This  membrane  disap- 
pears by  absorption  during  the  later  months  of  embryo  life 
The  nems  of  the  middle  coat  of  the  eyebaU  are  the  long 
cihary  branches  of  the  ophthalmic  division  of  the  5th 
and  the  short  ciliary  branches  of  the  cihary  ganglion, 
ihey  pzerce  the  sclerotic  near  the  optic  nerve,  and  run 
iorward  m  the  lamina  fusca  of  the  choroid.    They  give  off 
branches  to  the  choroid  which  form  in  it  a  plexus  in 
which  H.  Midler  found  nerve  cells.     From  this  plexus 
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delicate  branches  pass  to  the  muscular  coat  of  the  choroidal 
arteries.  The  ciliary  nerves  then  enter  the  ciliary  muscle, 
and  form  plexuses  with  interspersed  nerve  cells,  from 
which  branches  pass  to  the  muscular  fibres.  Other  branches 
of  the  ciliary  nerves  enter  the  iris,  and  form  plexuses,  from 
which  branches  proceed  to  the  muscular  tissue. 


THE  INNER  OR  NERVOUS  TUNIC. 

The  Retina  is  the  delicate  nervous  coat  of  the  eyeball 
which  lies  immediately  internal  to  the  choroid,  and  extends 


2  1 


the  supporting  connective  tissue.    (Modified  from  SohuUze.) 

from  the  place  of  entrance  of  the  optic  nerve  as  far  forward 
as  the  ciliary  processes,  where  it  forms  a  jagged  border,  the 
om  serrata.  In  the  living  eye  it  is  translucent  and  colour- 
less but  shortly  after  death  it  becomes  grey  :  it  is  soft  and 
so  easily  torn  that  it  is  difficult  to  display  it  in  a  dissection 
without  injury.  Its  inner  or  anterior  surface,  concave 
forwards,  is  moulded  on  the  vitreous  body,  and  presents 
the  foUowing  appearances  :-Almost  exactly  in  the  antero^ 
posterior  axis  of  the  eyeball  is  a  transversely  oval  yellov^ 
spot,  about  ,Vh  inch  in  its  long  diameter  which  amongst 
mammals  is  found  only  in  man  and  apes,  though,  as  Knox 
and  Hulke  have  shown,  it  exists  in  reptiles;  m  the  centre 
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of  this  spot  is  a  depression,  the  fovea  centralis  ;  about  |^tli 
inch  to  the  inner  side  of  the  yellow  spot  is  a  slight  elevation, 
\}s\.Q  papilla  optica,  which  marks  the  disc-like  entrance  of 
the  optic  nerve  into  the  retina ;  here  the  fibres  of  the  nerve 
radiate  outwards  and  forwards  to  the  ora  serrata,  and 
branches  of  the  arteria  centralis  retinas  accompany  then. 

The  retina  is  highly  complex  in  structure,  and  consists 
of  nerve  fibres  and  cells,  of  peripheral  end-organs,  of  con- 
nective tissue,  and  of  blood-vessels,  arranged  in  several 
layers.  Max  Schultze,  the  chief  authority  on  the  sub- 
ject, recognised  ten  layers,  but  included  among  these  the 
layer  of  hexagonal  pigment  cells  just  described  as  the  inner 
pigmentary  layer  of  the  choroid.  If  this  layer  be  omitted, 
nme  layers  may  then  be  recognised,  and,  following  Schultze, 
be  named  from  before  backwards  as  follows: — 1.  Mem- 
brana  limitans  interna ;  2.  Layer  of  optic  nerve  fibres ;  3. 
Layer  of  ganglion  cells ;  4.  Internal  granulated  (molecular) 
layer;  5.  Internal  granule  layer;  6.  External  granulated 
layer ;  7.  External  granule  layer ;  8.  Membrana  Hmitans 
externa;  9.  Bacillary layer  (Fig.  101). 

The  nervous  elements  of  the  retina  will  first  be  con- 
sidered. The  optic,  nerve  fibres  (2),  where  they  pierce  the 
sclerotic,  as  a  rule  lose  the  medidlary  sheath,  and  radiate 
outwards  from  the  optic  disc  to  the  ora  serrata  as  non-medul- 
lated  fibres  immediately  behind  and  paraUel  to  the  mem- 
brana limitans  interna.  These  fibres  vary  greatly  in  size, 
and  are  frequently  varicose.  When  any  of  the  optic  nerve 
fibres  retain  the  medullary  sheath  the  retina  is  there  .ren- 
dered opaque.  Immediately  behind  the  nerve  fibres  is  the 
%er  of  ganglionic  nerve  cells  (3).  These  cells  are  either  bi- 
polar or  multipolar.    In  the  living  eye  the  cell  substance 
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is  hyaline  and  the  nucleus  transparent,  but  after  death  the 
substance  both  of  the  body  of  the  cell  and  the  processes 
assumes  a  fibrillated  appearance,  like  the  axial  cylinder  of 
an  optic  nerve  fibre.    One  process,  the  central  process, 
extends  into  the  layer  of  optic  nerve  fibres ;  and  another, 
the  peripheral,  into  the  internal  granulated  layer.  The 
internal  granulated  layer  (4)  contains  the  branching  pro- 
cesses of  the  nerve  cells,  some  of  which  apparently  become 
continuous  with  an  arrangement  of  excessively  fine  fibrils, 
probably  nervous  in  their  nature.    These  fibrils  are  inter- 
mingled with  a  delicate  plexus  of  connective  tissue.  The 
internal  granule  layer  (5)  contains  numerous  fusiform 
nucleated  enlargements,  the  so-called  internal  granules, 
arranged  in  superimposed  strata;   from  each  fusiform 
enlargement  a  fibre  proceeds  in  two  directions,  one  centrally 
into  the  internal  granulated  layer,  and  one  peripherally  into 
the  external  granulated  layer.    These  fibres  possess  vari- 
cosities, and  resemble  the  optic  nerve  fibres.    The  external 
granulated  layer  (6)  is  very  thin,  and  consists  of  an  ex- 
panded network  of  minute  fibres,  with  nuclei  situated  at 
the  points  of  intersection  of  the  fibres.    Krause  has  called 
it  the  membrana  fenestrata.    The  external  granule  layer 
(7)  contains  numerous  fusiform  nucleated  enlargements, 
the  so-called  external  granules,  arranged  in  superimposed 
strata  :  from  each  enlargement  a  fibre  proceeds  in  two 
directions,  one  centrally  into  the  external  granulated  layer, 
and  one  peripherally  through  the  membrana  Hmitans  externa 
to  the  bacillary  layer,  where  it  becomes  continuous  with 
the  anterior  end  of  either  a  rod  or  a  cone,  as  the  case  may 
be.    Hence  these  fibres  of  the  external  granule  layer  are 
called  by  Schultze  rod  and  cone  fibres,  and  the  external 
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granules  are  nucleated  enlargements  of  these  fibres.  These 
fibres  possess  varicosities  Hke  those  of  the  internal  granule 
layer. 

The  hacillary  layer  (9)  or  membrane  of  Jacob  consists 
of  multitudes  of  elongated  bodies  arranged  side  by  side 
like  rows  of  palisades,  and  vertically  to  the  surfaces  of 
the  retina.  Some  of  these  bodies  are  cylindrical,  and  are 
named  the  rods  of  the  retina ;  others  are  flask-shaped,  and 
named  the  cones  of  the  retina :  the  rods  equal  in  length 
the  entire  thickness  of  the  bacUlary  layer ;  the  cones  are 
shorter  than  the  rods,  and  are  interspersed  at  regular 
intervals  between  them  ;  the  apex  of  each  cone  is  directed 
towards,  but  does  not  reach,  the  plane  of  the  posterior  or 
choroidal  surface  of  the  retina.  The  posterior  or  outer  end 
of  each  rod  rests  against  the  pigmentary  layer  of  the  choroid. 
The  anterior  or  inner  ends  of  both  rods  and  cones  are  con- 
tinuous with  the  rod  and  cone  fibres  of  the  external  granule 
layer,  as  already  described.  Each  rod  and  cone  is  subv 
divided  into  an  outer  strongly  refractile  and  an  inner  feebly 
refractile  segment.  By  the  action  of  various  reagents  th^ 
outer  segments  both  of  the  rods  and  cones  exhibit  a  trans- 
verse striation,  and  ultimately  break  up  into  discs.  Hensen 
has  described  a  longitudinal  striation  in  the  outer  segments^ 
and  Ritter  has  stated  that  both  in  the  outer  and  inneu 
segments  of  the  rods  an  axial  fibre  exists.  Max  Schultzdi 
has  also  seen  the  inner  segments  of  both  rods  and  cones 
longitudinally  striped  on  the  surface.  Ewart  has  traced  a 
varicose  fibrilla,  which  he  believes  to  be  nervous,  from  the 
external  granule  layer  into  the  inner  segment  of  a  cone  (Fig. 
102).  Modifications  in  the  relative  numbers  and  appear- 
ances of  the  rods  and  cones  have  been  seen  in  the  eyes  of 
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various  rertebrata.  In  birds,  for  example,  the  cones 
are  mucli  more  numerous  than  tbe  rods,  whilst  the 
reverse  is  the  case  in  mammals  gene- 
rally. In  the  cartilaginous  fishes  the 
cones  are  entirely  absent ;  so  also, 
as  Schultze  has  shown,  in  the  bat, 
hedge-hog,  and  mole ;  whilst  in 
*''of T"5ren°"''r"ner1e"- ^  ^'^^  bacillary -layer  is  exclu- 

^lZt^l;^^n?iK^i  sively  composed  of  cones.  In  all 
?onged''into'the\^^nerLTti'e  vertebrata,  except  the  mammalia, 
^junction of the^outer^    the  twin  or double  cones  described  by 

inner  seginent;  8,  mem-  i    i  i  •  a.       t  x-u 

bnina  limitnns  externa.  Hanuover  probably  cxist.     In  tne 

(From  Ewart.)  ,      .         ,  ^  •   i    /-n-  n-vn\ 

amphibia  and  some  birds  (J^ig.  102), 
lens-shaped  bodies  have  been  described  in  the  inner  seg- 
ments of  the  cones.  The  rods  and  cones  are  the  peripheral 
end-organs  in  connection  with  the  fibres  of  the  optic  nerve, 
and  their  apparent  relation  to  these  fibres  is  as  follows  : — 
The  optic  nerve  fibres  are  continuous  with  the  central  pr()- 
cesses  of  the  ganglion  cells  of  the  retina,  the  peripheral 
branching  processes  of  which  pass  into  the  internal  granu- 
lated layer,  where  they  may  possibly  become  continuous  with 
the  central  processes  of  the  inner  granular  layer.  The  peri- 
pheral processes  of  the  inner  granular  layer  enter  the  external 
granulated  layer,  but  it  is  difficult  to  say  whether  or  not  they 
become  continuous  with  the  central  processes  of  that  layer. 
There  can,  however,  be  no  doubt  that  the  peripheral  processes 
of  this  layer  are  directly  continuous  with  the  rods  and  cones 
of  the  bacillary  layer.  The  entire  arrangement  is  sometimes 
called  the  radial  nervous  fibres  of  the  retina. 

In  addition  to  the  nervous  structures  just  described,  the 
retina  contains  a  delicate  supporting  connective  tissue  like 
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the  neuroglia  of  the  brain  and  spinal  cord.    Not  only  does 
it  lie  between  the  fibres,  cells,  and  so-called  gi-anules  in  the 
several  nervous  layers,  and  form  in  them  a  radial  arrange- 
ment of  supporting  fibres,  but  it  constitutes  the  two  limitary 
membranes  of  the  retina.    The  memhrana  limitans  externa 
(8)  is  excessively  thin,  and  appears  in  vertical  sections 
through  the  retina  as  a  mere  line  between  the  baciUary  and 
external  granular  layers,  continuous  on  the  one  hand  with 
the  connective  tissue  which  passes  for  a  short  distance  be- 
tween the  rods  and  cones,  and  on  the  other  with  the  connec- 
tive tissue  framework  of  the  external  granule  layer  (Fig.  101). 

The  memlrana  limitans  interna  (1)  covers  the  anterior 
surface  of  the  retina,  and  lies  next  the 
vitreous  body;  its  posterior  surface 
blends  with  the  radial  arrangement  of 
connective  tissue  between  the  optic 
nerve  fibres,  but  its  anterior  or  hyaloid 

„  T    /-I  Fig.  103.— Flat  cells  nn  the 

surtace,  as  J .  (j.  Ewart  has  recently   anterior  surface  of  the 

,  ,  retina   of  the  sheep. 

shown,  possesses  a  mosaic  appearance,  (^>om  Ewm-t.) 
due  to  the  presence  of  a  layer  of  flat  epithelial  cells. 

The  yellow  spot  exhibits  some  structural  diflFerences  from 
the  rest  of  the  retina.  It  owes  its  colour  to  the  presence 
of  yellow  pigment  deposited  in  the  more  anterior  layers  of 
the  retina.  Except  at  its  central  depression,  the  fovea 
centralis,  it  is  thicker  than  the  surrounding  parts  of  the 
retma;  but  it  is  much  softer,  a  condition  which  is  due  to 
the  almost  complete  absence  of  the  layer  of  optic  nerve 
fibres,  and  a  diminution  in  the  amount  of  the  supporting  con- 
nective tissue;  the  membrana  limitans  interna  is,  however, 
relatively  stronger.  In  the  fovea  centralis  itself  the  rods  of 
the  bacillary  layer  have  entirely  disappeared,  and  are 
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replaced  by  cones  wHch.  are  distinguished  by  their  close 
arrangement,  and  the  more  slender  form  and  increased 
length,  especially  of  their  outer  segments.  The  external 
granule  layer  is  well  marked,  and  the  central  fibres  belong- 
ing to  it,  instead  of  passing  vertically  forwards,  incline  very 
obliquely  or  almost  horizontally  outwards  to  the  internal 
granule  layer,  which,  together  with  the  layers  anterior  to  it, 
is  so  thin  as  almost  to  have  disappeared.  In  the  yeUow  spot 
surrounding  the  fovea,  the  bacillary  layer  is  also  composed 
of  cones  which  are  not,  however,  so  slender  or  so  long  as 
at  the  fovea  itself.  The  layer  of  nerve  cells  and  the  inner 
part  of  the  external  granule  layer  are  thicker  than  in  the 
rest  of  the  retina.  The  yellow  spot  is  the  part  of  the 
retina  most  sensitive  to  light. 

At  the  ora  serrata  or  anterior  border  of  the  retina  th© 
nervous  layers,  including  the  rods  and  cones,  cease  to 
exist.  The  radial  connective  tissue  and  internal  limiting 
membrana  are  present ;  from  the  radial  tissue  a  layer  of 
cells  is  prolonged  forward  in  contact  with  the  deep  surface 
of  the  ciliary  processes  as  the  pars  ciliaris  retince. 

The  retina  is  supplied  with  blood  by  the  arteria  centralis, 
which,  traversing  the  axis  of  the  optic  nerve,  reaches  the 
retina  at  the  optic  disc.  In  the  retina  it  branches  dicho- 
tomously  in  the  nerve  fibre  layer,  avoiding  however  the 
yeUow  spot,  and  its  terminal  twigs  reach  the  ora  serrata. 
The  capillaries  form  in  the  more  anterior  layers  of  the 
retina  a  distinct  network,  which  does  not  enter  the  external 
granule  and  bacillary  layers,  but  penetrates  the  yellow 
spot,  though  not  the  fovea  centralis.  The  blood  is  conveyed 
from  the  retina  by  the  central  vein  which  accompanies  the 
artery  in  the  optic  nerve,  and  opens  either  into  the 
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ophthalraic  vein  or  directly  into  the  cavernous  sinus.  The 
veins  and  capillaries  of  the  retina  have  been  described  by 
His  as  completely  invested  by  perivascular  lymphatic 
sheaths,  whilst  the  arteries  only  possess  such  sheaths  for  a 
limited  part  of  their  course.  These  lymphatics  leave  the 
eyeball  along  with  the  bundles  of  the  optic  nerve  through 
the  lamina  cribrosa  in  the  sclerotic. 

The  Optic  Nerve  itself  passes  from  the  orbit  through  the 
optic  foramen  into  the  cranial  cavity,  where  it  arises  from 
the  optic  commissure.  This  commissure  is  a  flattened  band 
formed  by  the  junction  of  the  two  optic  tracts.  Each  tract 
winds  backwards  at  the  outer  side  of  the  tuber  cinereum  and 
eras  cerebri  to  arise  from  the  optic  thalamus,  corpora  quad- 
rigemina  and  geniculata ;  some  observers  also  state  that 
it  derives  fibres  from  the  tuber  cinereum  and  lamina  cinerea. 
In  the  commissure  an  interchange  takes  place  between  the 
fibres  of  opposite  nerves  and  tracts,  so  that  not  only  does 
an  optic  nerve  contain  fibres  derived  from  the  tract  on  its 
own  side,  but  from  the  opposite  tract,  and  it  has  even  been 
stated  that  fibres  pass  across  the  commissure  from  one  optic 
nerve  to  the  other,  and  from  one  optic  tract  to  the  other. 


THE  KEFEACTING  MEDIA. 

The  Aqueous  Humour  ia  a  limpid  watery  fluid,  containing 
a  little  common  salt  in  solution,  which  occupies  the  space 
between  the  cornea  and  the  front  of  the  crystalline  lens, 
In  this  space  the  iris  lies,  and  imperfectly  divides  it  into 
two  chambers,  an  anterior  and  a  posterior,  which  commu- 
nicate with  each  other  through  the  pupil.  The  anterior 
chamber,  of  some  size,  is  situated  between  the  iris  and 
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cornea  ;  but  as  the  iris  is  in  contact  with,  the  front  of  the 
lens,  the  posterior  chamber  is  reduced  to  a  mere  chink 
between  the  circumference  of  the  iris  and  that  of  the  lens. 

The  Crystalline  Lens  is  situated  behind  the  iris  and 
pupil,  and  in  front  of  the  vitreous  body.  It  is  a  trans- 
parent bi-convex  lens,  with  its  antero-posterior  diameter  ^d 
less  than  the  transverse,  its  posterior  surface  more  convex 
than  the  anterior,  and  with  its  circumference  rounded.  It 
consists  of  a  capsule,  which  encloses  the  body  of  the  lens. 
The  lens  capsule  is  a  transparent,  smooth,  structureless, 
and  very  elastic  membrane,  about  twice  as  thick  on  the 
anterior  as  on  the  posterior  surface  of  the  lens.  It  is 
non-vascular  in  the  adult,  though  in  the  foetus  a  branch 
of  the  central  artery  of  the  retina,  which  traverses  the 
vitreous  humour,  ramifies  in  its  posterior  portion.  A. 
single  layer  of  polygonal  cells  lies  between  the  body  of  the 
lens  and  the  anterior  portion  of  the  capsule.  The  lens  body 
is  softer  at  its  periphery  than  in  its  centre.  It  is  built  up 
of  concentric  layers,  and  on  both  the  anterior  and  posterior 
surfaces  lines  are  to  be  seen  radiating  from  the  central  pole 
of  each  surface  towards  the  circumference  of  the  body. 
The  radiated  pattern  varies  in  different  animals.  In  the 
human  foetus  there  are  usually  three  lines,  but  in  the  adult 
they  are  more  numerous.  The  lines  on  one  surface  do  not 
lie  immediately  opposite  those  on  the  other,  but  are  inter- 
mediate. By  the  action  of  strong  spirit  and  other  reagents 
the  body  of  the  lens  can  be  split  up  from  the  periphery 
towards  the  centre  in  the  direction  of  these  lines,  so  that 
they  mark  the  edges  of  apposition  of  its  concentric  laminae. 
Each  lamina  consists  of  numerous  hexagonal  fibres  about 

-1-  th  inch  wide,  which  extend  from  one  surface  to  the" 
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otlier  over  the  circumference  of  the  lens,  so  that  a  fibre 
which  begins  at  the  polar  end  of  a  radius  on  the  one  surface 
terminates  at  the  circumferential  end  of  a  radius  on  the 
opposite.    The  edges  of  the  fibres  are  sinuous  in  man,  but 
denticulated  in  many  animals,  especially  fishes,  so  that  the 
fibres,  not  only  in  the  same,  but  in  superimposed  layers, 
are  closely  interlocked.    The  lens  fibres  are  nucleated,  a 
structural  fact  which  gives  a  clue  to  their  true  nature,  and 
they  are  now  regarded  as  peculiarly  modified  elongated 
cells.  Babuchin  states  that  he  can  trace  the  transition  from 
the  cells  of  the  layer  between  the  lens-body  and  capsule 
to  the  proper  lens  fibres.    The  lens-body  is  non-vascular 
and  non-nervous.    The  surfaces  of  the  lens  become  more 
flattened  in  old  age,  and  its  substance  hardens  and  is  less 
transparent. 

The  Vitreous  Body  is  much  the  largest  of  the  refracting 
media,  and  occupies  the  largest  part  of  the  space  enclosed 
by  the  tunics.  Anteiiorly  it  is  hollowed  out  to  receive 
the  posterior  convexity  of  the  lens,  but  posteriorly  it  is 
convex,  and  the  retina  is  moulded  on  it.  It  is  as  trans- 
lucent as  glass,  jelly-like  in  consistency,  and  when  punctured 
a  watery  fluid  drains  out.  Its  minute  structure  is  difficult 
to  ascertain,  but  as  it,  like  the  subcutaneous  tissue  of  the 
embryo,  contains  rounded,  stellate,  and  fusiform  ceUs,  it  is 
customary  to  refer  it  to  the  gelatinous  form  of  connective 
tissue;  concentric  lamellaj,  and  even  a  radiated  arrangement 
of  fibres,  have  also  been  described.  By  some  observers  the 
vitreous  humour  has  been  considered  to  be  invested  by  a 
delicate  structureless  membrane,  the  hyaloid  membrane ; 
but  by  others  this  membrane  is  regarded  as  belonging  to 
the  retina,  where  it  forms  the  memhrana  limitans  interna. 
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Huschke  and  others  have  described  a  layer  of  epithelial 
cells  as  present  on  the  surface  of  the  hyaloid  membrane. 

u.-^  Almost  opposite  the  ora  serrata  a  mem- 
^l^^^i  brane  springs  from  the  vitreous  body, 
^iS^XM^  passes  forwards  for  some  distance  in 
^^^^k^^^i^lr-^te  relation  to  the  deep  surface  of  the 
■^^Cm  ciliary  processes,  but  separated  from 


them  by  the  pars  cUiaris  retinae,  and 
^'cei^s'tiTuiis  figure  are  ^^^^  inclines  in  Wards  to  become  attached 

from  the  surface  of  the  .     j.r  .     •  c  e  2^  i 

hyaloid  membrane.  The  to  the  anterior  Buriacc  of  the  capsule 

smaller  cells  are  from    r  ,i      t  i         i  ■  f 

the  substance  of  the  vit- 01  the  lens  close  to  its  circumierence. 

reous  humour.    {From  ^    .  .      .  .         .  . 

Ewart.)  it  IS  SO  closoly  connected  at  its  origin 

with  the  membrana  Hmitans  that  it  is  difficult  to  recognise  it 
as  a  distinct  membrane.  It  is  named  the  suspensory  ligament 
of  the  lens,  or  zonule  of  Zinn,  and  contains  fibres,  which  run 
in  the  meridional  direction.  Where  it  leaves  the  vitreous 
body  a  narrow  space  is  enclosed  between  it  and  that  body, 
which  space  surrounds  the  circumference  of  the  lens,  and 
is  called  the  canal  of  Petit.  From  the  relation  of  the 
suspensory  ligament  to  the  cUiary  processes  it  has  a  plicated 
surface,  and  when  these  processes  are  torn  away  from  it  a 
portion  of  the  pigment  of  the  processes  is  often  left  behind, 
so  that  the  zonule  is  sometimes  named  the  ciliary  processes 
of  tlie  vitreous  body. 

In  addition  to  the  lymphatics  of  the  cornea  and  retina 
already  described,  the  recent  researches  of  SchwalGe  have 
shown  that  spaces  exist  within  the  eyebaU.  which  com- 
municate with  the  lymphatic  system.  The  slit-like  in- 
terval between  the  sclerotic  and  choroid,  or  perichoroidal 
space,  is  regarded  as  a  receptacle  for  lymph  lined  by  an 
endothelium ;  from]  it  lymphatics  arise,  which  pierce  the 
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sclerotic  alongside  the  veins,  and  communicate  with  the 
space  of  Tenon  which  lies  between  the  exterior  of  the  eye- 
ball and  its  investing  tunic  of  fascia.  The  lymph  formed 
in  the  iris  and  ciliary  processes  is  believed  to  be  poured 
into  the  anterior  chamber,  and  from  it  into  the  canal  of 
Schlemm;  also  into  the  anterior  chamber  the  canal  of 
Petit,  which  is  believed  to  be  a  lymph-space,  opens  by  a 
series  of  fissures  in  the  zonule  of  Zinn. 

The  EyebaU  is  an  optical  instrument,  constructed  on  the 
plan  of  the  camera  obscura.    The  sclerotic  forms  the  waU  of 
the  chamber.    The  choroid  represents  the  black  lining  for 
.absorbing  the  surplus  rays  of  light.    The  cornea,  aqueous 
humour,  lens,  and  vitreous  body  are  the  translucent 
refracting  media  which,  like  the  glass  lens  of  the  camera 
obscura,  bring  the  rays  of  light  to  a  focus.    The  retina  is 
the  sensitive  plate  on  which  the  optical  picture  is  thrown. 
In  considering  the  relation  of  the  retina  to  the  visual  rays, 
it  must  be  kept  in  mind  that  the  place  of  entrance  of 
the  optic  nerve  is  insensible  to  light,  and  that  the  most 
sensitive  part  of  the  retina  is  the  yellow  spot,  with  its 
fovea  centralis,  where  the  optic  nerve  fibres  are  absent,  but 
where  the  bacillary  layer  reaches  its  maximum  size.    It  is 
clear,  therefore,  that  the  rods  and  cones  of  this  layer,  and 
not  the  optic  nerve  fibres,  are  the  structures  in  the  retina 
which  are  stimulated  by  the  light ;  and  it  is  probable,  as 
was  suggested  many  years  ago  by  Goodsir,  that  these  rods 
and  cones  are  impressed  by  the  light,  not  as  it  enters  the  eye 
directly,  but  as  it  is  reflected  backwards  from  the  choroid 
coat  along  their  axes.    The  iris  is  the  diaphragm  which, 
by  opening  or  closing  the  pupil,  admits  or  cuts  off  the 
rays  of  light.    The  ciliary  muscle  represents  the  adjusting 
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screw  of  tlie  camera ;  tlirough  its  attachment  to  the  ciliary 
processes  and  their  relation  to  the  suspensory  ligament  of 
the  lens,  it  is  able  to  act  upon  the  lens  and  modify  the 
curvature  of  its  anterior  surface  ;  for  when  the  eye  is  to  be 
accommodated  to  the  vision  of  near  objects  the  anterior 
surface  of  the  lens  becomes  more  convex  than  when  distant 
objects  are  being  examined. 

It  has  already  been  stated  on  p.  213  that  the  retina  is 
the  expanded  distal  part  of  the  primari/  optic  vesicle,  which 
grows  forwards  towards  the  superficial  epiblast  covering  of 
the  embryo  head.  By  the  thickening  and  involution  of  the 
epiblast  superficial  to  the  vesicle  a  hollow  is  produced  in  the 
front  of  the  vesicle,  which  gradually  deepening  forms  a  cup 
or  pocket,  the  secondary  optic  vesicle,  in  which  the  involuted 
part  of  the  epiblast  is  lodged.  This  pocket  has  double 
walls,  an  anterior  and  a  posterior,  the  former  of  which 
becomes  the  retina,  the  latter  the  layer  of  hexagonal 
choroidal  pigment.  The  cavity  between  these  walls,  origin- 
ally continuous  through  the  canal  in  the  optic  nerve  with  the 
cavity  in  the  hemisphere,  becomes  obliterated,  so  that  the 
retina  and  choroidal  pigment  come  into  contact  with  each 
other.  The  part  of  the  epiblast  lodged  in  the  pocket 
severs  its  connection  with  the  superficial  epiblast,  and 
forms  the  crystalline  lens.  It  becomes  closed  in  in  front 
by  a  growth  superficial  to  it,  both  of  mesoblast  and 
epiblast ;  the  mesoblast  layer  forms  the  cornea,  whilst  the 
superficial  epiblast  layer  forms  the  anterior  epithelium  of 
the  cornea,  or  conjunctival  epithelium.  Through  a  want 
of  uniformity  in  the  growth  of  the  wall  of  the  secondary 
optic  vesicle,  a  fissure,  called  the  choroidal  fissure,  exists 
on  its  under  surface,  through  which  the  mesoblast  passes 
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between  the  lens  and  the  retina,  and  forms  the  vitreous 
humour,  and  perhaps  the  capsule  of  the  lens.  This  fissure 
then  closes  up  so  that  the  connection  between  the  vitreous 
humour  and  the  surrounding  mesoblast  is  severed.  The 
mesoblast  immediately  surrounding  the  optic  vesicle  then 
differentiates  into  the  vascular  and  connective  tissue 
structures  of  the  choroid  and  ciliary  processes ;  into  the 
tissues  of  the  iris  and  ciliary  muscle,  and  into  the  sclerotic 
coat.  The  sclerotic  is  continuous  in  front  with  the  meso- 
blast, out  of  which  the  cornea  is  formed,  so  as  to  complete 
the  external  tunic  of  the  eyeball. 


Accessory  Parts  to  the  Eyeball. 

In  relation  to  the  eyeball  several  accessory  parts  are 
found. 

The  Eye-Brows  are  projections  of  the  integument,  from 
which  short,  stiff  hairs  grow. 

The  Eye-IAds,  or  palpebrce,  are  two  movable  curtains, 
an  upper  and  a  lower,  which  protect  the  front  of  the  globe. 
Between  each  pair  of  lids  is  a  horizontal  fissure,  the  palpe- 
hral  fissure.  From  the  free  margins  of  the  two  Hds  project 
short  hairs,  the  eye-lashes  or  cilia;  the  upper  set  curve 
downwards  and  forwards,  the  lower  set  upwards  and  for- 
wards; they  also  protect  the  front  of  the  globe.  Each  eye- 
lid consists  externally  of  skin,  immediately  beneath  which 
are  the  fibres  of  the  orUcular  sphincter  rmiscle ;  a  thin 
plate  of  fibro-cartUage,  the  tarsal  cartilage,  Hes  beneath 
the  sphincter;  to  the  inner  end  of  this  cartUage  a  fibrous 
band,  the  tendo  palpebrarum,  is  attached,  which  springs 
from  the  ascending  process  of  the  superior  maxilla;  into  the 
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cartilage  in  the  upper  eye-lid  the  tendon  of  the  levator 
palpebrse  superioris  is  inserted.  Lining  the  inner  surface 
of  the  eye-M  is  the  conjunctiva.  Between  the  conjunctiva 
and  the  tarsal  cartilage  is  a  layer  of  glands,  the  Meibomian 
glands;  each  gland  consists  of  a  short  duct,  which  expands 
at  its  sides  into  small  sacculi.  The  sacculi  contain  short 
cdlumnar  cells ;  these  secrete  a  sebaceous  material,  which 
escapes  through  the  orifice  of  the  duct  at  the  border  of  the 
eye-lid,  and  by  greasing  the  edge  of  the  eye-lid  prevents  the 
overflow  of  the  tears,  except  when  lachrymation  is  profuse. 

The  Conjunctiva  is  a  mucous  membrane,  which  forms  the 
posterior  layer  of  the  eye-lid,  and  is  reflected  off  to  the 
anterior  part  of  the  sclerotic.    At  the  inner  angle  of  junc- 
tion of  the  eye-lids  is  a  soft  reddish  elevation  of  the 
conjunctiva,  the  caruncula  lachrymalis,  and  immediately 
external  to  it  is  a  vertical  fold,  the  plica  semilunaris,  the 
rudiment  of  the  third  eye-lid,  or  membrana  nictitans,  so 
weU  developed  in  birds.    The  palpebral  conjunctiva  has 
small  papillee  scattered  over  its  surface ;  its  epithelium  is 
stratified,  with  scaly  ceUs  on  the  free  surface  and  elongated 
cells  in  the  deepest  layer.    In  the  sub-epithelial  tissue  are 
small  branched  mucous  glands,  which  are  numerous  in  the 
caruncula.    Little  masses  of  adenoid  tissue  (p.  144)  with 
lymphatic  vessels  are  also  found  in  it,  and  the  conjunctiva 
of  the  front  of  the  eyebaU  is  thinner  than  the  palpebral  part. 
It  is  not  glandular,  and  its  nerves  terminate  in  end-bulbs 
(p.  205).    The  palpebral  conjunctiva,  and  in  part  that  of 
the  eyebaU,  receive  their  blood-vessels  from  those  of  the 
eye-Hds,  but  the  portion  of  the  conjunctiva  next  the  cornea 
is  supplied  by  the  arteries  of  the  sclerotic  coat. 

The  Lachrymal  Apparatus  is  engaged  in  the  secretion 


ACCESSORY  PARTS  TO  THE  EYEBALL. 


355 


of  the  tears,  and  in  conveying  them  away  from  the  front 
of  the  globe.    The  lachrymal  gland  occupies  a  depres- 
sion in  the  outer 
part  of  the  roof  of 
the  orbit.    It  is 
smaller  than  an 
almond,   is  sub- 
divided into  lob- 
ules, and  belongs 
to  the  group  of 
compound  race- 
mose glands.  It 
consists   of  the 
ramifications  of 
short  ducts,  which 

terminate  in  clus-        l^S-  — Lacluymal  canals  and  duct.    1,  orbicular 
muscle;  2  and  3,  lachrymal  canals;  4.  carincula;  5, 
ters  of  small  sac-    l^<='"'y™al  sac  5  6,  lachrymal  duct;  7,  angular  artery. 

cuK.  The  waU  of  each  sacculus  consists  of  a  delicate 
membrana  propria,  and  the  cavity  contains  the  polyhedral 
secreting  cells.  Outside  the  membrana  propria  is  a 
capillary  network  derived  from  the  lachrymal  artery,  but 
Giannuzzi  and  Boll  have  recently  described  a  space  between 
this  network  and  the  membrana  propria  which  theybeHeve 
to  be  continuous  with  the  lymphatic  system.  Piiiiger  haa 
dascribed  nerves  as  terminating  in  connection  with  the 
secreting  ceUs.  The  excretory  ducts  of  the  gland  are  from 
SIX  to  eight  in  number,  and  open  on  the  back  of  the  upper 
eye-Ud,and  the  tears  are  washed  over  the  surface  of  the  globe 
by  the  involuntary  winking  of  this  lid.  When  the  secre- 
tion 18  increased  in  quantity,  in  the  act  of  crying,  the  tears 
flow  over  the  cheek,  but  in  ordinary  circumstances  they  are 
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conveyed  away  by  two  slender  tubes;  the  lachrymal  canals, 
which  open  by  minute  orifices,  the  puncta  lachrymalia,  one 
at  the  inner  end  of  the  free  border  of  each  eye-lid.  These 
tubes  open  at  their  opposite  ends  into  a  small  reservoir, 
the  lachrymal  sac,  situated  in  a  hoUow  in  the  lachrymal 
bone.  From  this  sac  a  duct,  the  nasal  or  lachrymal  duct, 
proceeds  which  opens  into  the  inferior  meatus  of  the  nose, 
and  here  the  tears  mingle  with  the  mucous  secretion  of 
that  cavity. 


F:..  10G.-Outerwall  of  the  ng^t  nose  to  sUo^^^ t^^^  eS&ll%?e«a1 
and  the  cranial  air  sinuses.       sPj»f°^f  °^^^^^      frontal  sinus;  A,  sphenoidal 

into  middle  meatus;  2,  opening  of  nasal  duct. 

Muscles  of  the  IJyehaU.-The  sclerotic  coat  of  the  eyeball 
has  six  muscles  inserted  into  it.  Four  of  the  muscles  are 
caUed  recti,  and  are  situated,  one  superior,  one  inferior,  one 
external,  another  internal  to  the  globe.  They  all  arise 
from  the  rim  of  bone  which  bounds  the  optic  foramen ;  the 
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external  and  internal  muscles  are  inserted  vertically  into  the 
sides  of  the  sclerotic,  but  the  superior  and  inferior  recti 
have  obhque  insertions  into  its  upper  and  lower  aspects. 
The  other  two  muscles  are  called  ohliqui.    The  superior 
obhque  arises  along  with  the  recti,  passes  to  the  inner  end 
of  the  upper  border  of  the  orbit,  where  its  tendon  goes 
through  a  pulley,  and  is  directed  backwards  and  out- 
wards, to  be  inserted,  between  the  superior  and  external 
recti,  obliquely  into  the  upper  and  outer  part  of  the 
sclerotic.     The  inferior  oblique  arises  from  the  lower 
border  of  the  orbit,  passes  outwards  and  upwards  to  be 
inserted,  close  to  the  superior  obhque,  obliquely  into  the 
sclerotic.   These  muscles  roll  the  eyeball  in  the  orbit,  and, 
without  entering  into  a  minute  analysis  of  their  actions, 
their  office  may  be  stated  generally  as  follows  : — The 
internal  rectus  rolls  it  inwards,  the  external  outwards, 
about  its  vertical  axis ;  the  superior  rectus  rolls  it  upwards, 
the  inferior  downwards,  about  its  transverse  horizontal  axis, 
though  from  the  obliquity  of  their  insertions  they  give  it 
at  the  same  time  a  slight  inward  or  outward  movement  as 
the  case  may  be  ;  the  superior  and  inferior  oblique  roll  the 
globe  about  its  antero-posterior  or  sagittal  axis,  the  superior 
upwards  and  outwards,  the  inferior  downwards  and  outwards. 

Periosteal  Muscle  of  the  Orbit— The  periosteum  of  the 
orbit  contains,  as  H.  Miiller  and  I  have  described,  a  layer 
of  non-striped  muscular  fibre  in  the  part  which  covers 
over  the  spheno-maxillary  fissure.  In  man  it  is  rudimen- 
tary, but  in  the  sheep,  deer,  elephant,  &c.,  where  the 
osseous  wall  of  the  orbit  is  deficient,  this  muscle  forms  a 
well-defined  structure.  It  has  been  suggested  that  it  acts 
as  a  protractor  muscle  of  the  globe. 
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The  EjlR. 

The  Eak,  or  organ  of  hearing,  is  a  complex  aeonstic  ap- 
paratus, situated  in  connection  witli  the  temporal  bone. 
It  is  divided  into  three  parts,  named  externa?,  middle,  and 
internal  ear. 

EXTEKNAI.  EAK. 

The  JExtemal  Ear  consists  of  the  pinna  or  auricle  and 
the  external  auditory  meatus.    The  cmricle  is  the  oblong 
convoluted  body  situated  at  the  side  of  the  head.  Its 
incurved  outer  border  is  named  the  Jielix.   Within  this  lies  a 
curved  ridge,  the  anti-helix,  in  front  of  which  is  a  deep 
hollow,  the  concha,  which  leads  into  the  external  meatus. 
The  concha  is  bounded  in  front  by  a  prominence,  the 
iragtcs,  and  behind  by  a  smaller  prominence,  the  anti-tragus  ; 
below  the  anti-tragus  is  the  lobnle,  which  forms  the  most 
depending  part  of  the  auricle.    The  framework  of  the 
auricle  is  formed  of  yellow  elastic  fibro-cartilage  invested 
by  integument,  except  the  lobule,  which  consists  merely  of 
a  fold  of  integument  containing  fat.    Attached  to  the  car- 
tilage are  not  only  the  three  auricular  muscles  referred  to  on 
page  83,  but  also  certain  smaller  muscles  called  the  proper 
muscles  of  the  pinna.    Thus  the  greater  muscle  of  the  helix 
is  placed  on  its  anterior  border ;  the  lesser  muscle  of  the 
helix  \s,  situated  where  it  arises  out  of  the  concha;  the 
muscle  of  the  tragus'm^  on  the  front  of  that  prominence; 
the  muscle  of  the  anti-tragus  is  placed  on  the  back  of  its 
prominence;  the  tran^erse  muscle  on  the  posterior  or 
cranial  surface  of  the  auricle. 

The  External  Meatus  leads  from  the  bottom  of  the  concha 
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into  the  temporal  bone,  and  is  separated  from  tlie  tympanum 
or  middle  ear  by  the  membrana  tympanL  It  is  a  crooked 
passage  one  and  a  quarter  inch  long,  inclined  at  first  forwards 
and  upwards,  then  downwards  and  inwards.  The  wall  of 
the  outer  end  of  the  passage  is  formed  of  fibro-cartUage 
continuous  with  the  cartilage  of  the  auricle,  whilst  that  of 


Fig.  K)7 — The  Ear  as  seen  in  section,  a,  helix;  6,  anti-tragius;  c,  anti-4ie!ix ;  d, 
concha;  e,  lobule;  /,  mastoid  process;  g,  portio  dura;  h,  styloid  process;  *, 
internal  carotid  artery;  I,  Eustachian  tube;  ?«,  tip  of  petrous  process;  »,  exter- 
nal auditory  meatus;  o,  membrani  tympani;  p,  tympanum  ;  1,  points  to  mal- 
leus; 2,  to  incus;  3,  to  stapes;  4,  to  cochlea;  5,  6,  7,  the  three  semicii'cular 
canals ;  8  and  '9,  portio  dura  and  p«rtio  mollis.   iAfler  Arnold.) 

the  deeper  end  is  formed  of  the  plate-like  tympanic  part 
of  the  temporal  bone.  The  passage  is  lined  with  integu- 
ment continuous  with  the  skin  of  the  auricle,  in  which  are 
situated  numerous  hairs,  together  with  ceruminous  glands 
which  secrete  the  well-known  yellow  "  wax." 
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■MIDDLE  EAE. 

The  Tympanum,  or  Brum,  or  Middle  Ear,  is  a  chamber 
irregularly  cuboidal  in  form,  situated  in  the  temporal  bone 
between  the  bottom  of  the  meatus  and  the  internal  ear  (Fig. 
107).  The  outer  wall  is  formed  of  the  membrani  tympani, 
which  inclines  obliquely  downwards  and  inwards  at  the 
bottom  of  the  external  meatus,  at  an  angle  of  55°  to  the  axis 
of  the  meatus,  whilst  the  membranes  in  the  two  ears  form 
with  each  other  an  obtuse  angle  of  130°  to  135°.  The  tym- 
panic membrane  is  attached  to  a  groove  at  the  bottom  of 
the  meatus,  and  is  concave  on  its  outer,  convex  on  its  inner 
surface.  It  consists  of  three  layers  :  an  external  tegumen- 
tary,  continuous  with  the  skin  of  the  meatus,  which  con- 
tains no  hairs  or  glands ;  an  internal  mucous,  continuous 
with  the  mucous  lining  of  the  tympanum ;  and  an  inter- 
mediate membrana  propria,  which  consists  of  unyielding 
Sbres  arranged  both  radially  and  circularly.  The  radial 
fibres  radiate  from  the  point  of  attachment  of  the  handle 
of  the  maUeus.  The  membrana  propria  is  usually  said  to 
be  destitute  both  of  nerves  and  vessels,  but  Kessel  states 
that  nerves,  blood,  and  lymph  vessels  exist  in  it  as  well  as 
in  the  mucous  and  tegumentary  layers.  Immediately  in 
front  of  the  membrana  tympani  is  the  Glaserian  fissure. 
The  inner  wall  separates  the  tympanum  from  the  labyrinth, 
and  presents  the  following  appearances :  a  roimded  elevation 
ov  promontory  caused  by  the  first  turn  of  the  cochlea,  on 
the  surface  of  which  promontory  are  grooves  for  the 
lodgment  of  the  tympanic  plexus  of  nerves ;  above  the 
promontory  is  an  oval  opening  closed  in  by  a  membrane, 
'^iiQ  fenestra  owfis,  which  corresponds  with  the  vestibule  ; 
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behind  and  below  the  promontory  is  a  round  opening  closed 
in  by  a  membrane,  the  fenestra  rotunda,  which  corresponds 
with  the  tympanic  passage  in  the  cochlea.    The  floor  of 
the  tympanum  is  a  narrow  chink  between  the  inner  and 
outer  walls ;  and  the  roof  is  formed  by  the  anterior  surface 
of  the  petrous-temporal  bone.    At  its  anterior  wall  the 
tympanum  opens  into  the  Eustachian  tube,  a  canal  which 
communicates  with  the  nasal  compartment  of  the  pharynx 
immediately  behind  the  inferior  turbinal.    The  wall  of  the 
tympanic  end  of  this  tube  is  formed  of  bone,  that  of  the 
pharyngeal  end  of  a  curved  plate  of  hyaline  cartilage, 
which  is  connected  to  the  bone  by  fibro-cartilage ;  its 
pharyngeal  orifice  is  dilated  into  a  trumpet-shaped  mouth  ; 
through  this  tube  the  ciliated  mucous  membrane  of  the 
nasal  part  of  the  pharynx  is  prolonged  into  the  tympanum. 
The  cartilaginous  wall  of  the  tube  does  not  completely 
surround  it,  but  is  completed  by  a  fibrous  membrane,  and 
a  layer  of  voluntary  muscle,  named  by  Riidinger  the  dila- 
tator tub*.    Above  the  tympanic  orifice  of  the  Eustachian 
tube  is  a  fine  canal,  through  which  the  tensor  tympani 
muscle  enters  the  tympanum.    At  its  posterior  waU  the 
tympanum  communicates  with  the  au:-sinuses  in  the  mastoid 
temporal;  here  also  is  found  a  small  hollow  eminence, 
pyramid,  through  a  hole  at  the  apex  of  which  the  ten- 
don of  the  stapedius  muscle  passes  j  and  a  foramen  which 
transmits  the  chorda  tympani  nerve. 

The  tympanic  cavity  contains  three  small  bones,  named 
malleus,  incus,  and  stapes,  arranged  so  as  to  form  an 
irregular  chain,  stretching  across  the  cavity  from  the  outer 
to  the  inner  wall. 

.   The  Malleus  or  hammer  is  the  most  external  bone.  In 
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it  may  be  recognised  a  head  separated  by  a  constricted  neck 
from  an  elongated  handle.  Close  to  the  junction  of  the 
neck  and  handle  a  long  slender  process  projects  downwards 
and  forwards  to  be  inserted  into  the  Glaserian  fissure,  and 
near  the  root  of  the  long  process  a  short  process  projects 
outwards.  By  its  handle  the  malleus  is  intimately  con- 
nected with  the  centre  of  the  membrana  tympani ;  by  its  head 
it  articulates  with  the  incus ;  whilst  ligamentous  fibres 
pass  from  it  upwards,  forwards,  outwards,  and  backwards 
to  the  tympanic  walls. 

The  Incus,  or  anvil-shaped  bone,  possesses  a  body  and 
two  processes;  on  the  anterior  surface  of  the  body  is  a 
saddle-shaped  hollow  in  which  the  head  of  the  malleus  fits; 
the  short  process  projects  almost  horizontally  backwards, 
and  is  attached  by  a  ligament  to  the  posterior  waU  of 
the  tympanum ;  the  long  process  extends  at  first  down- 
wards and  then  inwards,  to  end  in  a  rounded  projection, 
named  os  orUculare,  through  which  it  articulates  with  the 
stapes. 

The  Stapes,  or  stirrup-shaped  bone,  possesses  a  head  and 
neck,  a  base  and  two  crura ;  the  head  articulates  with  the 
OS  orbiculare  of  the  incus ;  from  the  constricted  neck  the 
two  crura  curve  inwards  to  the  base,  which  is  attached  to 
the  fenestra  ovalis.  The  joint  between  the  malleus  and 
incus  is  diarthrodial  and  saddle-shaped,  and  the  articular 
surfaces  are  enclosed  by  a  capsular  ligament.  The  joint 
between  the  incus  and  stapes  is  also  diarthrodial,  and  pos- 
sesses an  investing  capsular  Ugament.  Toynbee  and  Kiid- 
inger  have  described  the  base  of  the  stapes  and  the  margin 
of  the  fenestra  ovalis  as  each  invested  by  hyaUne  cartUage 
Between  these  plates  elastic  fibres  extend  in  a  plexiform 
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manner,  and  the  intervals  between  them  are  occupied  by- 
fluid  ;  the  joint  seems,  therefore,  a  modified  amphiarthrosis. 

The  bones  are  moved  on  each  other  at  these  joints  by- 
small  muscles.  The  teiisor  tympani  arises  from  the  apex  of 
the  petrous  temporal,  and  the  cartilage  of  the  Eustachian 
tube,  enters  the  tympanum  at  its  anterior  wall,  and  is  in- 
serted into  the  handle  of  malleus  near  its  root.  The  laxa- 
tor  tympani  muscle  arises  from  the  spine  of  the  sphenoid, 
and  the  cartilage  of  the  Eustachian  tube  enters  the  tym- 
panum through  the  Glaserian  fissure,  and  is  inserted  into 
the  neck  of  the  malleus.  The  stapedius  arises  -within  the 
pyramid,  enters  the  tympanum  through  the  hole  at  its  apex, 
and  is  inserted  into  the  neck  of  the  stapes.  The  tympanum 
is  lined  by  a  mucous  membrane  continuous  -with  that  of  the 
Eustachian  tube,  which  invests  the  tympanic  ossicles,  liga- 
ments, and  muscles,  and  is  prolonged  backwards  so  as  to  line 
the  mastoid  air-sinuses.  The  epithelium  covering  this  mem- 
brane, where  it  lines  the  floor  and  the  adjacent  part  of  the 
anterior,  posterior,  and  internal  walls,  consists  of  ciliated 
columnar  cells;  but  the  epithelium  covering  the  roof,  the 
promontory,  the  membrani  tympani,  and  the  tympanic 
ossicles,  is  tessellated.  In  the  sub-epithelial  connective 
tissue  the  blood  and  lymph  vessels  and  nerves  of  the 
tympanum  ramify.  Kessel  has  recently  described  in  it 
certain  peculiar  bodies,  which  consist  of  a  central  axial 
band  with  a  series  of  capsules,  possessing  a  fibrillar  struc- 
ture, arranged  concentrically  around  the  axis  ;  the  function 
of  these  bodies  is  not  known. 

The  formation  of  the  auricle  and  external  meatus  is  well 
adapted  for  collecting  and  transmitting  sound-vibrations 
inwards  to  the  middle  ear  and  labyrinth.    These  vibrations 
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strike  the  membrana  tympani,  and  are  propagated  by  tbe 
chain  of  bones  across  the  tympanic  cavity  to  the  labyrinth. 
The  pressure  of  the  vibrations  on  the  tympanic  membrane 
forces  that  membrane  inwards,  so  that  its  inner  surface 
presses  on  the  handle  of  the  malleus,  the  effect  of  which  is  to 
rotate  the  hammer  about  its  axis;  but  by  the  ligamentous 
attachment  of  the  malleus  to  the  tympanic  walls  and  to  the 
incus,  and,  as  Helmholtz  has  shown,  by  the  interlocking  of 
cog-like  processes  connected  with  the  articular  surfaces  of 
the  two  bones,  the  range  of  movement  is  so  limited  that  the 
pressure  on  the  malleus  is  transmitted  through  the  incus 
upon  the  stapes,  which  presses,  therefore,  on  the  mem- 
brane of  the  fenestra  ovalis,  so  that  the  movements  of 
the  membrana  tympani  are  thus  transmitted  to  fluid  within 
the  labyrinth.    The  tensor  tympani  muscle  tightens  the 
tympanic  membrane  by  drawing  the  handle  of  the  malleus 
inwards,  and  still  further  adapts  the  structures  for  the 
transmission  of  sound-vibrations.    The  laxator  tympani  is 
considered  to  be  the  antagonistic  muscle  to  the  tensor 
tympani.    There  is  some  difficulty  in  determining  the 
action  of  the  stapedius,  but  if,  as  is  probable,  it  draws  the 
stapes  from  the  fenestra  ovalis,  it  will  diminish  the  pres- 
sure of  the  chain  of  bones  on  that  membrane. 

INTERNAL  EAE. 

The  Internal  Ear,  named  the  Labyrinth,  from  its  com- 
plex construction,  is  the  part  of  the  auditory  apparatus  in 
which  the  nerve  of  hearing  is  distributed,  and  where  the 
peripheral  end-organs  are  situated.  It  is  enclosed  within 
the  petrous  bone,  and  is  divided  into  three  parts,  viz., 
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vestibiUe,  semicircular  canals,  and  cochlea,  each  of  which 
consists  of  an  osseous  and  a  membranous  portion. 

The  Vestibule  hes  immediately  internal  to  the  tympanum, 
between  it  and  the  bottom  of  the  internal  auditory  meatus ; 
behind  the  vestibule  are  the  semicircular  canals,  and  in  front 
is  situated  the  cochlea.    It  is  the  part  of  the  labyrinth  which 
first  appears  in  animals,  and  is  therefore  the  most  constant 
part  of  the  organ.  In  the  myxinoid  fishes  a  single  semicircu- 
lar canal  is  superadded  to  the  vestibule,  in  the  lamprey  two 
canals,  but  in  other  fishes  and  in  the  higher  vertebrates  three 
canals  exist.    In  amphibia,  reptiles,  and  birds  the  cochlea 
is  small  and  rudimentary  in  comparison  with  its  develop- 
ment in  mammals.    The  osseous  vestibule  is  an  ovoid 
chamber  about  -^th  inch  in  diameter.    In  its  outer  or 
tympanic  waU  is  the  fenestra  ovalis  ;  in  its  inner  are  small 
auditory  foramina,  which  transmit  from  the  internal 
meatus  the  vestibular  branches  of  the  auditory  nerve ; 
behind  these  holes  is  the  opening  of  a  minute  canal,  the 
aqueductus  vestihuli ;  its  anterior  wall  communicates  with 
the  scala  vestibuli  of  the  cochlea,  and  into  its  posterior 
wall  open  the  five  orifices  of  the  three  semicircular  canals. 

The  Semicircular  Canals  are  named  superior,  posterior, 
and  external  The  superior  and  posterior  are  sometimes 
caUed  the  vertical  canals,  and  the  external  the  horizontal 
canal,  but,  as  Crum  Brown  has  shown,  the  superior  and 
posterior  lie  in  planes  nearly  equally  inclined  to  the  mesial 
plane  of  the  head,  and  the  external  is  in  a  plane  at  right 
angles  to  the  mesial  plane.  Further,  the  canals  in  the  two 
ears  have  definite  relations  to  each  other;  forwhUst  the 
superior  canal  of  each  ear  is  nearly  paraUel  to  the  posterior 
•  canal  of  the  other,  the  external  canals  in  both  ears  lie 
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nearly  in  the  same  plane.  The  canals  are  bent,  forming 
nearly  §ds  of  a  circle,  and  would  have  had  six  openings  into 
the  vestibule  had  not  the  contiguous  ends  of  the  superior 
and  posterior  blended  together  to  open  by  a  common  orifice. 
The  opposite  end  of  each  of  these  canals  and  the  outer  end 
of  the  external  canal  dilate  close  to  the  vestibule  to  twice 

their  usual  diameter,  and  form  an 
ampulla.  The  osseous  vestibule 
and  semicircular  canals  are  Kned 
by  a  periosteum  invested  by  a 
tessellated  epithelium,  and  con- 
tain a  little  fluid,  the  penlymph. 
In  this  fluid  the  membranous 
labyrinth  is  suspended. 

The  membranous  vestibide  is 
formed  of  two  smaU  sac-bke  dila- 
tations, the  walls  of  which  are 
directly  continuous  with  each  other, 
though  the  cavities  are  separated 
by  an  intermediate  partition.  The 
upper  and  posterior  dilatation, 
named  utriculus,  is  larger  than 
the  lower  and  anterior,  named 
sacculus.  The  sacculus  is  continu- 
ous with  the  ductus  cochlearis  of 
the  membranous  cochlea,  and  both  sacculus  and  utriculus 
communicate  by  slender  tubes  with  a  short  diverticulum 
lodged  in  the  aqueductus  vestibuli,  to  which  the  name  of 
ductus  vestibuli  may  be  given  (Fig.  1.09).  The  membranous 
semicircular  canals  are  about  Jd  the  diameter  of  the 
osseous.     Their  walls  are  continuous  with  that  of  the 


Fig.  108.— Ending  of  the  Vesti- 
hviar  nei-ve.  cl,  columnar 
cells  covering  the  crista 
acoustica ;  p,  peripheral,  and 
c,  central  processes  of  audi- 
tory cells;  n,  nerve  fibres. 
(After  Riidinger.) 
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utriculus,  and  they  open  by  five  orifices  into  it.  Each  has 
an  ampulla  within  the  ampulla  of  the  osseous  canal.  Both 
the  sacculus  and  utriculus  are  in  places  attached  to  the 
periosteal  Hning  of  the  osseous  vestibule,  and  delicate 
hgamentous  bands  connect  the  membranous  semicircular 
canals  to  the  periosteal  lining  of  the  tubes  in  which  they 
are  contained.  The  wall  of  the  membranous  vestibule 
and  canals  consists  of  a  delicate  fibrous  membrane  lined 
by  a  tesseUatecjjPpithelium.  The  inner  part  of  this  mem- 
brane has  a  vitreous  or  hyaline  lustre,  and  gives  origin  in 
the  canals  to  short  papHlse  which  project  into  the  lumen. 
The  membranous  vestibule  and  canals  are  distended  with 
the  fluid  endolymph.  The  sacculus,  utriculUvS,  and  ampullee 
are  specially  modified  in  connection  with  the  peripheral 
termination  of  the  vestibular  branches  of  the  auditory 
nerve.  The  membranous  wall  forms  in  each  of  these 
dilatations  a  projecting  ridge,  the  crista  acoustica,  to  which 
calcareous  particles,  the  otoliths,  which  may  be  either 
amorphous  or  crystalline,  are  adherent.  The  epithelial 
investment  of  the  crista  is  elongated  into  columnar  cells, 
and  intercalated  between  them  are  fusiform  cells,  the  audi- 
tory cells,  each  of  which,  as  Schixltze  and  other  observers 
have  described,  possesses  a  peripheral  and  a  central  process. 
The  peripheral  process  projects  beyond  the  plane  of  the 
free  surface  of  the  endothelium  into  the  endolymph  as  the 
auditory  hair,  whilst  the  central  process  extends  into  the 
sub-epithelial  tissue,  where  the  nerve  plexus  belonging  to  the 
terminal  branches  of  the  auditory  nerve  ramifies,  and  with 
•which  it  is  probably  continuous  (Fig.  108).  These  auditory 
cells  are,  therefore,  the  peripheral  end-organs  of  the  vesti- 
bular branches  of  the  auditory  nerve,  and  their  general 
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arrangement  is  not  unlike  that  of  the  olfactory  cells  of 
the  nose. 

The  Cochlea  is  by  far  the  most  complex  part  of  the 
=       •  labyrinth.  It  is  about 

•^th  inch  long,  and 
shaped  like  the  shell 
of  a  common  snail ; 
its  base  lies  near  the 
internal  meatus,  and 
its  apex  is  directed 

Fig.  109.-Diagram  of  the  membranous  LalDyrinth.  OUtwards.     The  OSSe- 
DO,  ductus  cochlearis;  dr,  ductus  reuniens;  S,  nr\o\\\pa  k  n  tnbp 

sacoulus;  O,  utriculus;  dv,  ductus  vestibuli;  OUS  COCUiea  IS  a  tuoe 
SC,  semicircular  canals.    (Aft^r  Waldeyer:)         WOUnd    SpiraUy  two 

and  a  half  times  round  a  central  pillar  or  modiolus.  Both 
the  pillar  and  the  tube  diminish  rapidly  in  diameter  from 
the  base  to  the  apex  of  the  cochlea.    The  tube  is  im- 
perfectly divided  into  two  passages  by  a  plate  of  bone, 
the   osseous  spiral  lamina,  which,  springing  from  the 
modiolus,  winds  spirally  around  it,  and  projects  into  the 
tube.    When  the  membranous  cochlea  is  in  its  place 
the  division  is  completed  by  a  membrane,  the  membranous 
spiral  lamina,  or  hadlar  membrane,  which  bridges  across 
the  interval  between  the  free  edge  of  the  osseous  spiral 
lamina  and  the  outer  waU  of  the  tube,  to  the  latter  of 
which  it  is  attached  by  the  spiral  cochlear  ligament.  These 
passages  are  called  scala  tympani  and  scala  vestibuli. 
But  another  membrane  also,  the  membrane  of  Eeissner, 
arises  from  a  denticulated  spiral  crest,  the  limbus  or  crista 
spiralis,  attached  to  the  vestibular  border  of  the  free  edge 
of  the  osseous  spiral  lamina,  and  extends  to  the  spiral  Hga- 
ment  at  the  outer  wall  of  the  tube,  on  the  vestibular  aspect 
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of  the  basilar  membrane,  so  as  to  enclose  a  passage  between 
it  and  the  basilar  membrane,  called  scala  intermedia  or 
ductus  cocMearis.  The  membrane  of  Eeissner  is  formed 
of  delicate  vascular  connective  tissue,  with  an  epithelial 
laver  on  each  of  its  two  surfaces.    The  scala  tympani  or 


^'ntlr^wa^I'orSfel'"  sV^?„T''  Cochlea,  m,  modiolus ;  0, 

cochleaS    4  membVan^' of^^^^^^^  ^\ tymv^ni;  DC,  ductus 

spiralis- i/sD  rain  ^J^o^?  Reisaner;  6m,  basilar  membrane;  cs,  crista 
Cortil  '  '''^P"^"!  ligament;  ,g,  spiral  gangUon  of  auditory  nerve;  oc,  organ  of 

lower  passage,  widest  at  the  base  of  the  cochlea,  begins  at 
the  inner  waU  of  the  tympanum,  into  which  it  would  have 
opened  through  the  fenestra  rotunda,  had  not  the  fenestra 
been  closed  up  by  a  membrane.    The  scala  vestibuli  or 

2  a 
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upper  passage,  also  widest  at  the  base,  communicates  with 
the  cavity  of  the  osseous  vestibule.    At  the  apex  of  the 
cochlea  these  two  scalse  communicate  with  each  other 
through  a  small  hole,  the  helicotrema.    As  the  scala  vestibuli 
opens  into  the  osseous  vestibule,  the  perilymph  is  continued 
into  it,  and  through  the  helicotrema  into  the  scala  tympani. 
The  ductus  cochlearis  is  the  membranous  cochlea,  and  its 
waUs  are  formed  of  the  basilar  membrane  next  the  scala 
tympani,  of  the  membrane  of  Reissner  next  the  scala 
vestibuli,  and  of  the  spii'al  ligament  next  the  wall  of  the 
cochlea,  which  connects  the  two  membranes  together.  It 
follows  the  spiral  windings  of  the  cochlea,  terminates  at  the 
apex  of  the  spiral  in  a  closed  end,  whilst  at  the  base  it 
communicates  with  the  sacculus  of  the  membranous  vesti- 
bule by  a  slender  tube,  the  canalis  reuniens ;  hence  the 
membranous  cochlea  contains  endolymph.    The  termina- 
tion of  the  cochlear  branches  of  the  auditory  nerve  and  the 
arrangement  of  the  peripheral  end-organs  in  relation  to 
them  are  to  be  looked  for  in  the  basilar  membrane.  These 
parts  have  been  repeatedly  investigated  and  described  in 
elaborate  monographs,  the  titles  of  which  are  given  in 
Waldeyer's  article  on  the  cochlea  in  Strieker's  Eandbuch 
der  Lehre  von  den  Gewehen.    The  general  results  only  of 
these  investigations  wUl  be  given  here,  and  the  origmal 
memoirs  may  be  referred  to  for  fmther  details. 

On  the  surface  of  the  basilar  membrane  directed  to  the 
ductus  cochlearis  a  remarkable  arrangement  of  ceUs  exists, 
which  presents  an  appearance  that  has  been  compared  with 
the  key-board  of  a  pianoforte,  and  has  been  named  the 
ofCorti  ;  it  consists  of  the  foHowing  parts:-bome  of  these 
ceUs,  distinguished  by  their  elongated  curved  form,  are 
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arranged  in  two  groups,  an  inner  and  an  outer.    The  cells 
of  the  inner  group  rest  by  a  broad  foot  on  the  inner  part  of 
the  basilar  membrane,  close  to  its  attachment  to  the  spii-al 
lamina,  project  obliquely  forwards  and  outwards,  and 
expand  into  a  dilated  head  :  the  cells  of  the  outer  group 
also  rest  by  a  broad  foot  on  the  same  membrane,  incline 
forwards  and  inwards,  and  fit  into  a  depression  in  the  head 
of  the  cells  of  the  inner  group  :  these  two  groups  of  cells 
form  the  rods  or  pillars  ofCorti,  and  by  their  juxtaposition 
arch  over  an  excessively  minute  canal  enclosed  between 
them  and  the  basilar  membrane,  which  may  be  named  the 
canal  of  Gorti.  The  inner  rods  are,  however,  more  numerous 
than  the  outer,  and  Pritchard  has  shown  that  the  rods 
increase  in  length  from  the  base  to  the  apex  of  the  cochlea. 
Immediately  internal  and  almost  paraUel  to  the  inner  group 
of  these  rods,  and  adjacent  therefore  to  the  crista  spiralis, 
is  a  row  of  compressed  conical  cells,  which  possess  at  their 
anterior  ends  short  stiff  hair-like  processes;  they  are  the 
inner  hair  cells  of  Deiters.    Immediately  external  and 
■almost  paraUel  to  the  outer  group  of  rods  are  four  or  five 
rows  of  hair  ceUs,  the  outer  hair  cells,  which  are  attached 
by  their  bases  to  the  basilar  membrane,  whilst  from  the 
opposite  extremity  a  brush  of  hairs  projects  through  the 
reticular  membrane.    The  outer  hair  ceUs  are,  according  to 
Waldeyer,  relatively  of  large  size  in  man.    The  reticular 
membrane  of  KoUiker  is  a  delicate  framework  perforated 
by  rounded  holes.    It  extends  parallel  to  the  basilar  mem- 
brane from  the  inner  rods  of  Corti  to  the  external  row  of 
outer  hair  ceUs,  and  through  the  holes  in  it  the  hairs  of  the 
outer  hair  cells  project.    It  obviously  acts  as  a  support  for 
the  anterior  ends  of  these  cells,  and  binds  together  these 
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important  elements  of  the  organ  of  Corti.  The  interval 
between  the  outer  hair  cells  and  the  spiral  ligament  is 
occupied  by  cells  of  a  more  or  less  columnar  form,  the 
supporting  cells  of  Hensen.  Covering  over  the  organ  of 
Corti,  and  separating  it  from  the  endolymph  of  the  ductus 
cochlearis,  is  the  memhrana  tectoria,  which  springs  from 
the  crista  spiralis  close  to  the  attachment  of  the  membrane 
of  Keissner,  passes  out^vards  superficial  to  the  membrana 


Fir.  lll.-Vertical  transverse  section  through  thebasUar  memhraiie  and  organ  of 
TmH  Imi  cs  si  &c  as  in  fig.  109;  i,  inner  hair  cell;  ir,  inner,  and  or,  outer 
rod  oV  Corti  Xo^^^^^^^  sp,  supporting  eells  ;  cn  f-^^^^^^J^^iy^J^"^ 

canal  of  Corti;  rm,  reticular  memlirane;  m<,  membrana  tectona,  torn  through 
at  its  outer  end.    {Adapted  from  Waldeyer.) 

reticularis,  and  apparently  blends  at  its  outer  border  with 
the  spiral  ligament. 

The  origin,  course,  and  distribution  of  the  auditory  nerve 
in  the  labyrinth  wiU  now  be  considered.  The  auditory 
nerve  is  the  portio  mollis  of  the  seventh  cranial  nerve.  It 
appears  at  the  base  of  the  brain  at  the  lower  border  of  the 
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pons  Varolii    Traced  to  its  origin  its  roots  wind  round  the 
restiform  body  to  the  floor  of  the  4th  ventricle,  where  they 
form  the  strife  acousticse,  and  sink  into  the  grey  matter  of 
the  floor.    Some  of  the  fibres  arise  from  an  inner,  others 
from  an  anterior  group  of  nerve  cells,  whilst  others  again 
are  connected  with  the  cells  in  the  restiform  body,  and 
probably  with  the  flocculus  of  the  cerebellum.   Just  as  the 
nerve  emerges  at  the  lower  border  of  the  pons,  as  may  be 
well  seen  in  preparations  by  A.  B.  Stirling,  collections  of 
very  vascular  grey  matter  containing  groups  of  multipolar 
nerve  cells  lie  between  the  bundles  of  the  nerve,  and  from 
their  processes  re-inforcing  fibres  are  added  to  the  nerve. 
The  auditory  nerve  passes  down  the  internal  meatus,  and 
divides  into  a  vestibular  and  a  cochlear  division.  The 
vestibular  division  enters  the  vestibule,  and  divides  into 
five  branches  for  the  sacculus,  utriculus,  and  three  ampuUee 
of  the  membranous  semicircular  canals.    Each  branch 
enters  a  crista  acoustica  and  forms  a  plexus,  in  the  meshes 
of  which  nerve  ceHs  are  imbedded.    From  this  plexus 
fine  non-meduUated  fibres  arise,  which  enter  the  layer  of 
cells  on  the  surface  of  the  crista,  where  they  anastomose 
and  form  a  very  delicate  plexus,  from  which  fibres  spring 
that  in  all  probabiHty  join  the  central  processes  of  the 
auditory  cells  (Fig.  108). 

The  cochlear  division  enters  a  canal  in  the  axis  of  the 
modiolus,  and  gives  off  lateral  branches,  which  pass  into" 
the  canals  situated  in  the  osseous  spiral  lamina.  Here  they 
radiate  outwards  to  the  membranous  spiral  lamina,  and 
have  connected  with  them  collections  of  nerve  cells  forming 
the  spiral  gangUon.  Beyond  the  ganglion  they  form  a  flat 
plexiform  expansion,  from  which  delicate  nerves  pass 
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througb  a  gap  in  tlie  edge  of  the  osseous  lamina  into  the 
organ  of  Corti.  In  tMs  organ  the  nerves,  as  Gottstein  and 
Waldeyer  have  described,  are  arranged  in  two  groups  of 
fibres  ]  the  inner  group  become  continuous  with  the  deep 
end  of  the  inner  hair  cells ;  the  outer  group  pass  across 
the  canal  of  Corti  and  end  in  the  outer  hair  cells  (Fig.  111). 
Hence  these  cells  are  the  peripheral  end-organs  of  the 
cochlear  branch  of  the  auditory  nerve,  and  may  be  called 
the  auditory  cells  of  the  cochlea. 

The  perilymph  of  the  labyrinth  is  set  in  vibration  by  the 
movements  of  the  tympanic  ossicles  and  the  fenestra  ovalis ; 
motion  is  thus  communicated  to  the  membranous  labyrinth 
and  the  endolymph  which  it  contains.    The  auditory  hairs 
and  cells  would  thus  be  set  in  motion,  and  the  vestibular 
branches  of  the  auditory  nerve  would  be  stimulated  to  con- 
duct sound-impulses  to  the  brain.    The  movements  of  the 
perilymph  in  the  scala  tympani  and  of  the  endolymph  in 
the  ductus  cochlearis  would  set  in  vibration  the  basilar  mem- 
brane, and  the  auditory  cells  resting  on  it,  by  which  the 
cochlear  branches  of  the  auditory  nerve  would  be  stimulated 
■  to  conduct  sound-impulses  to  the  brain.  It  has  been  custom- 
ary for  physiologists  to  regard  the  vestibule  as  the  part  of 
the  labyrinth  by  which  sound  or  mere  noise  is  determined; 
the  cochlea,  as  the  part  which  determines  variations  and 
degrees  of  sound,  as  musical  notes  or  harmony;  the  semi- 
circular canals,  as  determining  the  directions  from  which 
sound  proceeds.    But  within  the  last  two  years  experiments 
and  arguments  have  been  advanced  almost  simultaneously 
by  Brener,  Mach,  and  Crum  Brown,  in  favour  of  the  view 
that  the  semicircular  canals  act  as  peripheral  end-organs  for 
the  sense  of  rotation,  by  which  sense  the  axis  about  which 
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rotation  of  tlie  head  takes  place,  the  direction  of  that  rota- 
tion, and  its  rate,  are  determined. 

In  the  account  of  the  development  of  the  skeleton,  p. 
57,  it  was  stated  that  the  external  meatus,  tympanum, 
and  Eustachian  tube  are  the  remains  of  the  first  branchial 
cleft  of  the  embryo,  that  the  tympanic  ossicles  are  formed 
in  the  first  and  second  visceral  arches,  and  that  the  petrous 
bone  is  ossified  in  the  cartilaginous  basis  cranii.  The 
membranous  labyrinth  arises  as  an  invagination  of  the  epi- 
blast  into  the  mesoblast,  near  the  upper  end  of  the  second 
branchial  cleft,  and  the  invaginated  fold  then  closes  in,  by 
the  growth  of  the  surrounding  mesoblast,  to  form  a  shut 
sac,  the  primary  auditory  vesicle.     The  cavity  of  this 
vesicle  enlarges,  thickening  of  its  walls  takes  place,  and  in 
this  manner  arise  modifications  in  its  form,  from  the  con- 
dition of  a  simple  closed  sac,  until  the  membranous  vesti- 
bule, the  semicircular  canals,  and  the  cochlea  are  produced. 
From  the  epiblast  lining  of  the  vesicle,  the  organ  of  Corti, 
and  the  special  apparatus  connected  with  the  termination 
of  the  auditory  nerve  in  the  vestibide  and  semicircular 
canals,  together  with  the  general  epithelial  lining  of  the 
membranous  labyrinth,  are  derived.  The  fibro-membranous 
wall  of  the  labyrinth,  and  the  periotic  cartilage  which 
subsequently  ossifies  into  the  petrous  bone,  are  produced 
by  a  differentiation  of  the  mesoblast  surrounding  the 
auditory  vesicle.    The  space  fiUed  by  perilymph,  between 
the  membranous  and  osseous  labyrinth,  is  apparently  due 
to  a  splitting  of  this  surrounding  mesoblast.  The  auditory 
nerve  is  not,  like  the  optic,  a  prolongation  of  the  brain, 
but  is  developed  in  the  mesoblast  lying  between  the  brain 
and  the  auditory  vesicle.    In  the  course  of  time  its  central 
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ead  unites  with  the  part  of  the  braiu  from  which  it 
derives  its  roots,  and  at  a  later  stage  its  peripheral  end 
extends  into  the  epiblast  in  which  the  terminal  auditory 
apparatus  arises. 


The  Tongue. 

The  Tongue,  situated  on  the  floor  of  the  cavity  of  the 
mouth,  is  the  chief  organ  provided  for  the  excitation  of 
the  special  sense  of  taste,  but  the  under  surface  of  the  soft 
palate  is  said  to  participate  to  some  extent  in  this  property. 
The  tongue  is  also  highly  endowed  with  the  sense  of  touch. 
The  structures  concerned  in  the  excitation  of  taste  and 
touch  are  situated  in  the  mucous  membrane  which  envelopes 
the  tongue.  The  tongue  is  also  a  muscular  organ,  and 
plays  an  important  part  in  articulation,  mastication,  and 
deglutition.  Its  shape  is  flattened  from  above  downwards, 
so  that  it  presents  an  upper  surface  or  dorsum,  and  a  lower 
surface.  Its  posterior  part  is  broad,  forms  the  base  or  root 
of  the  organ,  and  is  attached  to  the  hyoid  bone.  Its  ante- 
rior extremity  or  tip  is  more  or  less  pointed,  and  its  lateral 
margins  or  sides  are  rounded. 

The  muscles  connected  with  the  tongue  are  arranged  in 
pairs,  and  form  three  distinct  groups,  viz.,  accessory,  extrin- 
sic, and  intrinsic  muscles.  The  accessory  muscles  are  the 
stylo-hyoid,  digastric,  mylo-hyoid,  genio-hyoid,  omo-hyoid, 
sterno-hyoid,  and  thyro-hyoid,  already  referred  to  on  page 
89,  which  act  upon  the  hyoid  bone,  and  thus  indirectly  arc 
concerned  in  the  movements  of  the  tongue.  The  extrinsic 
muscles  pass  from  adjacent  parts  into  the  substance  of  the 
tongue,  and  are  as  foUows_:-The  stylo-glossus  arises  from 
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the  tip  of  the  styloid  process  and  the  stylo-maxillary  liga- 
ment ;  it  runs  forwards  along  the  side  of  the  tongue  to  the 
tip.    The  hyo-glossus  is  divided  into  three  parts  :  a,  basi- 
giossus,  which  arises  from  the  body  of  the  hyoid ;  h,  cerato- 
glossus,  from  the  great  cornu  of  the  hyoid ;  c,  chondro- 
glossus,  from  the  small  cornu  of  the  hyoid.    The  fibres 
from  these  origins  ascend  into  the  side  of  the  tongue.  The 
genio-hyo-glossus  arises  from  the  upper  tubercle  of  the 
symphysis  of  the  lower  jaw,  its  fibres  radiate  into  the  sub- 
stance of  the  tongue  along  its  whole  length  from  base  to 
tip ;  this  muscle  is  separated  from  the  corresponding  muscle 
of  the  opposite  half  of  the  tongue  by  a  mesial  septum  of 
fibrous  tissue.    The  palato-glossus  arises  in  the  substance  of 
the  soft  palate,  and  descends  to  the  tongue  in  the  anterior 
pillar  of  the  fauces.    The  inirinsic  muscles  lie  in  the  sub- 
stance of  the  tongue  itself,  and  are  as  follows  : — The  lingua- 
lis  superior  (noto-glossus),  consisting  of  longitudinal  fibres, 
which  extend  from  the  base  to  the  tip  beneath  the  mucous 
membrane  of  the  dorsum ;  the  lingualis  inferior,  consisting 
of  longitudinal  fibres,  which  extend  from  the  base  to  the  tip 
along  the  under  surface  between  the  hyo-glossus  and  genio- 
hyo-glossus;  transverse  muscular  fibres,  which  spring  from 
the  mesial  fibrous  septum  and  curve  outwards  and  upwards 
to  the  sides  of  the  tongue;  vertical  fibres,  which  pass  through 
the  substance  of  the  tongue  from  the  dorsum  to  the  under 
surface.    The  extrinsic  and  intrinsic  muscles  can  not  only 
move  the  entire  tongue  within  the  cavity  of  the  mouth, 
protrude  it  between  the  lips,  and  again  retract  it,  but  can 
modify  its  form  ;  thus  the  dorsum  can  be  flattened,  made 
convex  or  concave,  the  margins  can  be  raised  or  depressed, 
and  the  tip  elevated  or  depressed. 
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The  mucous  membrane  of  the  tongue  forms  a  part  of  the 
general  mucous  lining  of  the  mouth;  it  covers  the  dorsum,  . 
tip,  sides,  and  under  surface;  is  reflected  from  the  under 
surface  to  the  floor  of  the  mouth,  where  it  forms  the  frcenum 
or  bridle  of  the  tongue,  and  is  reflected  also  from  the  base 
to  the  epiglottis  as  the  frcena  of  the  epiglottis,  as  well  as 
over  the  tonsils  and  anterior  palatine  pillars.    This  mem- 
brane has  its  free  surface  elevated  into  multitudes  of  fine 
processes,  called  the  papillae  of  the  tongue,  some  of  which 
are  simple,  others  compound.    The  simple  papillcs  are 
situated  on  the  back  part  of  the  dorsum  and  the  under  sur- 
face of  the  mucous  membrane,  as  well  as  scattered  between 
the  compound  papillis;  they  are  simple  conical  elevations 
of  the  membrane.    The  compound  papill(B  are  arranged  in 
three  groups,  named  filiform,  fungiform,  and  circumvallate 
papillee.    The  filiform  papillce,  elongated  and  thread-Hke, 
are  the  smallest  and  most  numerous,  and  cover  the  dorsum 
in  front  of  the  circumvallate  papiUse.    The  fungiform  or 
club-shaped  papiUse  are  scattered  over  the  anterior  and 
middle  parts  of  the  dorsum,  and  at  the  tip  and  sides.  The 
circumvallate  papill(x,  seven  to  twelve  in  number,  form  a 
V-shaped  figure  on  the  dorsum  towards  its  base  ;  a  depres- 
sion in  the  mucous  membrane,  caUed  foramen  c(xcum, 
marks  the  apex  of  the  V.    These  are  the  largest  papillae  ; 
each  is  sunk  in  a  vaUum  or  trench-like  depression  of  the 
mucous  membrane,  which  isolates  it  from  the  surrounding 
surface.    The  compound  character  of  these  papillae  is  due 
to  each  having  projecting  from  it  numerous  smaU  secondary 
papilla     The  epithelial  covering  of  the  filiform  papillae  is 
characterised  by  the  peculiar  modification  which  the  tessel- 
lated epithelium  of  the  mouth  has  undergone;  the  cells 
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have  become  cornified  and  elongated  into  dense,  imbricated 
brush-like  processes.    In  the  carnivora  the  epithelium  i? 
so*  hardened  as  to  form  sharp  spines,  with  the  points 
turned  backwards,  which  give  to  the  tongues  of  these 
animals  a  rough  prickly  character.    In  the  fungiform  and 
circumvallate  papdlse  the  inequalities  between  the  pro- 
jecting secondary  papillje  are  filled  up  by  tessellated  epi- 
thehum,  so  that  the  surface  of  the  compound  papillae  has 
a  smooth  appearance.     Both  the  simple  and  compound 
i:»apill8e  are  highly  vascular;  the  lingual  artery  not  only 
supphes  the  muscular  substance  of  the  tongue,  but  gives 
off  fine  branches  to  the  mucous  membrane.    These  branches 
end  in  capillaries,  which  form  simple  loops  in  the  simple 
papillfB,  but  in  the  compound  papilla  the  capillaries  are  so 
multiplied  that  each  secondary  papilla  ^has  a  capillary  loop 
within  it.    The  tongue  is  provided  with  several  nerves. 
The  hypo-glossal  nerve  supplies  its  muscular  structure,  but 
the  inferior  lingualis  is  said  by  some  anatomists  to  receive 
a  branch  from  the  chorda  tympani  of  the  facial.  The 
lingual  branch  of  the  fifth  is  distributed  to  the  mucous 
membrane  of  the  anterior  two-thirds  of  the  tongue:  it 
breaks  up  into  minute  branches,  which  enter  the  fungi- 
form and  filiform  papillae,  but  their  exact  mode  of  termi- 
nation has  not  been  precisely  ascertained,  though  end- 
bulbs  and  gustatory  bodies  are  said  to  have  been  seen 
in  connection  with  some  of  the  terminal  branches.  The 
glossal  branch  of  the  glosso-pharyngeal  is  distributed  to 
the  mucous  membrane  of  the  root  of  the  tongue  and  of 
the  circumvallate  papillae.    In  connection  with  its  terminal 
branches  peculiar  flask-shaped  organs,  called  gustatory  bulbs 
or  bodies,  have  recently  been  described  by  Lov^n,  Schwalbe, 
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and  Engelmann,  in  the  sides  of  the  circumvallate  papillce. 
These  bulbs  have  been  found  in  large  numbers  in  lamellated 
folds  of  the  mucous  membrane  of  the  posterior  part  of  the 


Fig.  112.— Section  thi-ough  a  Gustatory  lamella  of  the  rabbit's  tongue.  0,  gusta- 
tory bulbs  in  relation  to  Kp,  the  epithelial  layer  of  tlie  mucous  membrane ;  V, 
capillary  blood-vessels  in  the  sub-epithelial  connective  tissue. 

side  of  the  rabbit's  tongue,  which  folds  may  appropriately 
therefore  be  called  gustatory  lamellce.    When  sections  are 
made  through  one  of  these  folds,  or  through  a  circumval- 
late papilla  and  the  trench  which  surrounds  it,  numerous 
flask-shaped  gustatory  bulbs  may  be  seen 
in  the  epithelium,  which  covers  the  side 
of  the  papilla  and  the  opposite  side  of 
the  trench.    The  bottom  of  each  flask  is 
next  the  sub-epithelial  tissue,  whilst  its 
short  neck  opens  on  the  surface  by  a 
mouth,  the  gustatory  pore  ;  similar  bodies, 
F.oii3-»,  superficial  though  in  much  smaUer  numbers,  have 
S,"o"ry"blf    also  been  seen  in  the  fungiform  papillaB. 
rrpe?iphe'?'ai,Tnd  Each  gustatory  body  consists  of  twodiffe- 
c,  its  central  process.  ^^^^  ^^^^^      ^^-^^^  named  covering  ceUs 

and  gustatory  cells.    The  covering  ceUs  are  elongated,  nu- 
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cleated  spindles,  which,  arranged  in  layers,  form  the  enve- 
lope of  each  gustatory  bulb,  and  reach  from  the  bottom  to 
the  mouth  of  the  flask ;  they  enclose  the  gustatory  cells. 
The  gustatory  ceUs  are  attenuated,  homogeneous,  and 
highly  refractile  cells,  which  possess  an  elliptical  nucleated 
body  with  two  processes,  a  central  and  peripheral.  These 
cells  occupy  the  axis  of  the  gustatory  bulb.    The  peri- 
pheral process,  broader  than  the  central,  sometimes  ends 
in  a  short  hair-like  tip,  which  almost  reaches  the  gus- 
tatory pore ;  the  central  process  extends  to  the  base  of 
the  flask,  and  often  divides  into  small  branches.  This 
process  is  varicose,  and  not  unlike  the  axial  cylinder 
of  a  nerve  fibre.    The  branches  of  the  glosso-pharyngeal 
nerve,  which  are  distributed  to  the  back  of  the  tongue, 
enter  the  circumvaUate  papiH^,  and  form  a  minute  plexns, 
with  groups  of  nerve  ceUs  interspersed  in  it,  from  which 
bundles  both  of  medullated  and  non-medullated  fibres  pass 
to  the  basis  of  the  gustatory  bulbs ;  and  it  is  believed  that 
the^  finest  non-meduUated  fibres  are  continuous  with  the 
peripheral  processes  of  the  gustatory  ceUs,  which  are  there- 
fore regarded  as  the  peripheral  end-organs  of  the  nerve  of 
taste,  and  by  the  excitation  of  these  bodies  gustative  or 
taste  sensations  are  produced.    As  the  glosso-pharyngeal 
IS  the  nerve  distributed  to  the  circumvaUate  papiH^,  where 
these  gustatory  bulbs  are  especiaUy  found,  it  is  therefore 
the  special  nerve  of  taste;  but  as  these  bulbs  have  also 
been  sparingly  seen  in  the  other  papillae,  where  the  Ungual 
nerve  is  distributed,  that  nerve  probably  acts  in  a  minor 
degree  as  a  nerve  of  taste,  though  its  special  function  is 
undoubtedly  that  of  a  nerve  of  touch.    The  gustatory 
bulbs  are  not  penetrated  by  blood-vessels,  but,  as  Fig.  112 
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shows,  tlie  vascular  sub-epithelial  tissue  is  prolonged 
upwards  along  the  sides  of  the  bulbs  almost  as  far  as  the 
plane  of  the  gustatory  pore.  Key,  Beale,  and  other 
observers  have  described  special  modifications  of  the 
epithelium  in  connection  with  the  terminations  of  the  gusta- 
tory nerves  in  the  frog.  The  mucous  membrane  of  the 
tongue  contains  numerous  small  tubular  or  branched 
glands,  more  especially  on  the  dorsum  near  its  root,  which 
secrete  mucus.  Depressions  also  occur  in  this  part  of  the 
mucous  membrane,  around  the  walls  of  which  groups  of 
lymphoid  cells  are  collected  in  the  sub-epithelial  connective 
tissue,  which  have  an  arrangement  closely  resembling  the 
structure  of  the  adjacent  tonsils,  and  form  an  example  of 
adenoid  tissue. 

The  tongue  arises  as  a  bud-like  process  on  the  floor  of 
the  mouth  of  the  embryo.  It  consists  of  tnesoblast  covered 
by  the  epiblast  layer  which  lines  the  buccal  chamber. 
From  the  epiblast  is  produced  the  epithelial  covering, 
and  in  all  probability  the  gustatory  bulbs,  whilst  the 
mesoblast  gives  rise  to  the  muscular,  fibrous,  vascular,  and 
nervous  structures. 

The  Skin. 

The  Skin,  or  Integument,  invests  the  entire  outer  surface 
of  the  body,  and  contains  structures  by  -the  excitation  of 
which  the  properties  of  things  are  determined  by  the  sense 
of  touch.  The  skin  also  contains  accessory  stractures,  as 
the  nails,  hairs,  sebaceous  glands,  and  sweat  glands.  The 
skin  consists  of  a  non-vascular  cuticle  or  epidermis,  and  of 
a  vascular  and  sensitive  corium,  or  cutis  vera. 

The  Cuticle,  Epidermis,  or  scarf  skin,  forms  the  outer 
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covering  of  the  skin,  and  protects  the  cutis.    It  is  a 
laminated  structure,  and  consists  of  numerous  layers  of 
cells  superimposed  on  each  other.    As  these  cells  cover  a 
free  surface  exposed  to  the  air,  they  belong  to  the  group  of 
epithelial  tissues.    The  thickness  of  the  cuticle  varies  in 
different  locaKties  from  -^th.  to  -^-oth  inch ;  where  the 
skin  is  frequently  exposed  to  pressure,  as  in  the  soles  of 
the  feet,  the  cuticle  is  the  thickest  and  hardest ;  and  the 
hands  of  those  accustomed  to  manual  labour  have  a  hard 
and  horny  cuticle.    The  increase  .  in  thickness  in  these 
localities  is  for  the  purpose  of  protecting  the  highly  sensi- 
tive cutis  from  injury.    The  outer  surface  of  the  cuticle  in 
many  parts  of  the  body,  especially  the  palm  of  the  hand  and 
the  fingers,  is  marked  by  ridges  and  furrows  ;  the  ridges 
indicate  the  position  and  arrangement  of  the  papillae  of  the 
cutis,  whilst  the  furrows  are  due  to  the  sinking  of  the 
cuticle  into  the  spaces  between  the  rows  of  papillee.  The 
mouths  of  the  sweat  glands  open  on  the  surface  of  these 
ridges.    The  cuticle  is  divided  into  two  strata.    The  super- 
ficial homy  stratum  consists  of  layers  of  flat,  polygonal  scales 
like  a  tessellated  epithelium;  the  cells  in  the  superimposed 
-ayers  firmly  adhere  to  each  other  by  their  surfaces,  and  in 
vertical  sections  this  stratum  presents  a  fibrous  appearance ; 
but  the  ceUs  may  be  readily  isolated  by  digestion  in  a  caustic 
alkah.    The  deeper  or  rmicoiis  stratum,  or  rete  Malpighii, 
lies  next  the  cutis,  and  closely  follows  the  undulations  of 
its  papillary  sufface.    The  cells  forming  the  layer  next  the 
cutis  are  columnar  in  shape,  those  in  the  layers  immediately 
succeeding  are  rounded  or  cubical,  wHlst  those  next  in 
order  are  polygonal,  and  not  unfrequently  possess  pointed 
processes  or  prickles  projecting  from  them,  hence  the 
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name,  prickle  cells,  employed  by  Scbultze.  The  cells  whi  ch 
lie  next  the  horny  stratum  assume  the  scale-like  form.  It 
is  in  the, cells  of  the  mucous  stratum  that  the  colouring 
matter  of  the  skin  is  found,  which  in  the  fair  races  of  men 
forms  the  isolated  coloured  spots  called  freckles  and  moles, 
but  in  the  dark  races  the  pigment  granules  are  uniformly 
distributed  through  the  cells  of  this  stratum.  The  super- 
ficial cells  of  the  horny  stratum  of  the  cuticle  are  continually 
being  shed,  so  that  the  cells  of  the  deeper  layers  gradually 
approach  the  surface,  and  new  cells  are  continually  being 
formed  in  the  deeper  part  of  the  rete  .Malpighii.  The 
cuticle  is  closely  adherent  to  the  cutis  in  the  healthy  living 
skin,  but  on  the  application  of  a  blister,  or  when  putrefac- 
tion sets  in  after  death,  they  separate  from  each  other. 

The  Cutis  vera. — When  the  cuticle  is  removed  the  surface 
of  the  cutis  is  seen  to  be  studded  with  multitudes  of  minute 
elevations,  the  papiUas  of  the  skin.  These  papiUse  are 
either  simple  conical  structures,  or  compound  with  two  or 
three  branches.  They  are  largest  in  the  palm  and  sole, 
being  from  ^^^th  to  ^^^th  of  an  inch  high,  and  are  arranged 
in  ridges,  but  more  usuaUy  they  are  much  shorter  and 
irregularly  distributed.  The  cutis  is  formed  of  connec- 
tive tissue,  in  which  stellate  connective  tissue  corpuscles 
and  elastic  fibres  are  abundant.  The  deeper  surface  of  the 
connective  tissue  of  the  cutis  is  reticulated,  and  is  continu- 
ous with  the  bundles  of  connective  tissue  that  form  the 
areolar  subcutaneous  tissue.  In  the  papillae  themselves  the 
fibres  of  the  connective  tissue  are  not  so  well  marked, 
and  the  surface  of  the  papiUse  possesses  more  of  a  homoge- 
neous aspect,  which  gives  rise  to  the  appearance  described 
as  a  basement  membrane.     The  cutis  is  highly  vascu- 
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lar ;  the  small  arteries  whicli  go  to  the  skin  give  off  branches 
to  the  lobules  of  fat  in  the  subcutaneous  tissue,  then  pene- 
trate the  cutis,  and  form  a  plexus  from  which  capillaries 
arise,  which  enter  the  papUlse,  and  form  vascular  loops  within 
them.    The  lymphatic  vessels  of  the  skin  are  numerous; 


stratur^anri  '^^^  Skin  and  subcutaneous  tissue,    hs,  horny 

wtoSp  with  t  Malpiglui  of  cuticle;  pp,  papilla  of  cutis;  t,  a  touch 
c?  conn^r-Hvi  \»  fi're;  6c,  a  blood  and  fc,  a  lymph  capiUaiy; 

duct?  subcutaneous  tissue;  /,  fat  lobule;  i,  a  sweat  gland  with  its 

they  form  a  plexus  in  the  cutis,  which  Ues  beneath  the 
vascular  plexus,  forms,  as  Neumann's  injections  show,  a 
network  around  both  the  sebaceous  and  sweat  glands,  and 
gives  off  capiUary  loops  into  the  papillse.  The  nerves  of 
the  skin  are  the  cutaneous  branches  both  of  the  spinal  and 
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of  certain  of  tTie  cranial  nerves,  the  origin  and  distribution 
of  which  have  already  been  described.    They  run  through 
the  subcutaneous  tissue,  and  enter  the  deep  surface  of  the 
cutis,  where  they  divide  into  branches.    As  these  pass 
towards  the  papilla  they  unite  to  form  a  nerve  plexus, 
from  which  smaller  branches  arise  to  enter  the  papillae, 
and  terminate,  more  especially  in  the  skin  of  the  palm  of  the 
hand,  fingers,  and  sole,  which  are  the  surfaces  most  sensi- 
tive to  touch  impressions,  in  the  tactile  or  touch  cm-jniscles. 
The  touch  corpuscles  discovered  by  Wagner  and  Meissner 
are  the  peripheral  end-organs  of  the  nerves  of  touch  (Fig. 
1 1 4).    They  may  be  single  or  compound ;  are  usually  ovoid 
in  form,  not  unlike  a  minute  fir  cone;  and  are  transversely 
marked,  from  the  transverse  direction  of  the  nuclei  of  the 
fusiform  ceUs  which  form  an  investing  capsule.  Each 
single  corpuscle  and  each  division  of  a  compound  corpuscle 
is  penetrated  by  one,  and,  according  to  Thin,  by  never 
more  than  one,  medullated  nerve  fibre,  but  the  exact  mode 
of  termination  of  the  axial  cylinder  of  the  fibre  has  not 
been  ascertained.    Virchow  and  other  German  observers 
have  stated  that  the  papillae  which  contain  capiUaries  do 
not  contain  nerves  or  touch  corpuscles,  and  vice  versa;  but 
Dalzell  and  Thin  have  shown  that  certainly  the  majority 
of  papiU^  that  contain  nerve  fibres  and  touch  corpuscles 
are  also  vascular  papiUte.    Non-medullated  nerve  fibres 
ascend  to  the  surface  of  the  cutis,  and,  according  to  Lan- 
gerhans,  pass  into  the  rete  Malpighii  between  the  cells  of  the 

mucous  layer.  ,     ■.    i  v 

Nails  —On  the  back  of  the  last  phalanx  of  each  thumb, 
fin-er  and  toe  is  situated  a  firm  homy  curved  plate,  the 
nail  '  Each  nail  rests  on  a  bed,  the  surface  of  which  is 
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formed  of  the  cutis,  whichi  also  overlaps  the  side  and  root 
of  the  nail ;  thus  the  nail  iits  into  a  groove  formed  of  the 
cutis  something  after  the  manner  in  which  a  watch-glass 
fits  into  its  rim.    A  nail  is  merely  a  special  modifica- 
tion of  the  cuticle,  the  cells  of  the  superficial  stratum  of 
which  eCre  more  horny,  harder,  and  more  firmly  adherent 
to  each  other  than  is  the  case  in  the  cuticle  proper.  Deeper 
than  the  horny  stratum  is  the  rete  Malpighii  of  the  nail, 
the  cells  of  which  are  soft,  as  in  the  cuticle  itself.  The 
cutis  forming  the  bed  of  the  nail  is  studded  with  papillje, 
which  are  arranged  in  almost  parallel  rows,  and  are  highly 
vascular.    Nails  grow  both  in  length  and  thickness  :  the 
increase  in  thickness  is  due  to  the  formation  of  nerve  cells 
on  the  bed  of  the  nail ;  the  increase  in  length  takes  place 
through  the  formation  of  nail  cells  at  its  root,  and  as  the 
nail  is  thus  slowly  pushed  forward  it  requires  to  be  cut 
at  intervals.  At  the  root,  sides,  and  below  the  free  border 
of  the  naU  the  cuticle  is  continuous  with  the  substance  of 
the  naU  itself. 

Hair, — Projecting  from  the  surface  of  the  skin  are  multi- 
tudes of  elongated  cylindrical  horny  structures,  the  hairs. 
In  the  skin  of  the  scalp,  the  armpits,  and  the  pubis,  they 
are  long  and  numerous ;  but  in  the  eye-brows,  eye-lashes, 
vibrissse  of  the  nostrils,  and  surface  of  the  body  generally, 
they  are  short.  They  are  stronger  and  thicker  in  the  skin 
of  man  than  of  woman,  more  especially  on  the  cheeks, 
lips,  and  chin.  Hairs  do  not  grow  from  the  skin  of  the 
palms  and  soles,  the  back  of  the  ungual  phalanges,  and  the 
surface  of  the  upper  eye-lids.  Each  hair  is  partially  im- 
bedded in  a  depression  of  the  skin,  caUed  a  Mir  follicle.  The 
deeper  end  of  the  follicle  is  somewhat  dilated,  and  has  in  it  a 
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papilla,  the  Tiair  pajnlla.    The  wall  of  the  hair  follicle  is 
formed  of  the  constituent  structures  of  the  skin ;  the  outer 
part  of  the  wall  belongs  to  the  cutis,  and  has  been  described 
as  arranged  in  three  layers,  the  external,  middle,  and  inner 
layer  of  the  hair  follicle.  The  external  and  middle  layers  are 
formed  of  connective  tissue,  with  blood-vessels ;  whilst  the 
inner,  sometimes  called  the  vitreous  layer,  is  transparent 
and  homogeneous,  and  continuous  with  the  so-called  base- 
ment membrane  of  the  cutis.    The  inner  part  of  the  waU  of 
the  hair  foUicle,  or  the  root-sheath,  belongs  to  the  cuticle, 
and  consists  of  two  layers,  the  outer  and  inner  root-sheaths. 
The  outer  root-sheath  is  continuous  with  the  rete  Malpighii, 
and  consists  of  cells  similar  to  those  of  that  stratum.  The 
inner  root-sheath  is  continuous  with  the  horny  stratum  of 
the  cuticle,  and  consists  of  elongated  scale-like  translucent 
cells  in  which  no  nuclei  can  be  seen. 

A  hair  possesses  a  root,  a  shaft,  and  a  tip ;  the  root  is 
imbedded  in  the  hair  foUicle,  whilst  the  shaft  and  tip  form 
the  free  projecting  part  of  the  hair.    In  the  human  hair 
the  substance  of  the  hair  is  composed  of  a  fihrous-lodkmg 
horny  material,  which  by  the  action  of  strong  sulphuric  acid 
is  resolved  into  elongated,  closely  compacted,  fusiform  cells, 
which  in  coloured  hairs  contain  pigment  granules.    In  the 
thicker  hairs  the  ceUs  in  the  axis  of  the  hair  are  polygonal, 
contain  air,  and  form  a  central  pith  or  medulla.    The  hair 
is  invested  by  imbricated  scale-like  ceUs,  which  form  the 
hair  cuticle.    In  different  animals  the  size  and  relative  pro- 
portion of  the  cells  of  the  cuticle,  medulla,  and  fibrous  part 
of  the  hair  present  many  modifications.    The  wool  of  the 
sheep  has  its  cuticle  scales,  with  weU-defined  serrated 
margins,  so  that  the  hair  of  this  animal  is  well  adapted  for 
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felting  into  cloth ;  in  the  bat,  also,  the  cuticle  cells  are 
large  and  strongly  serrated.  The  bristles  of  the  pig,  again, 
have  the  fibrous  part  of  the  hair  largely  developed.  In 
the  deer  tribe  the  hair  consists  of  polygonal  medulla-like 
cells,  which  contain  air.  The  root  of  the  hair  dilates  at  its 
deeper  end  into  a  bulb  which  embraces  the  hair  papilla. 
It  is  softer  in  texture  than  the  shaft,  so  that  the  cellular 
structure  of  the  hair  is  more  easily  demonstrated.  Next 
the  papilla  the  cells  are  like  those  of  the  rete  Malpighii, 
but  when  traced  onwards  to  the  shaft  they  are  seen  to 
become  differentiated,  both  in  structure  and  composition, 
into  the  proper  hair  cells.  The  root  is  enveloped  in  a  special 
sheath,  termed  the  sheath  of  Huxley,  composed  of  nucleated 
cells,  which  sheath,  in  the  more  superficial  part  of  the 
follicle,  blends  with  the  internal  root-sheath.  The  hair 
papilla  bears  to  the  hair  the  same  relation  as  a  papilla  of 
the  cutis  has  to  its  investing  cuticle,  so  that  a  hair  is  to  be 
regarded  as  a  specially  modified  cuticular  structure.  The 
human  hair-papilla  is  vascular,  but  no  nerves  have  been 
traced  into  it.  In  the  tactile  hairs  of  the  mammalia,  how- 
ever, nerves  have  been  traced  into  their  papiUee. 

The  bristles,  feathers,  claws,  hoofs,  the  horny  envelope  of 
the  horn  cores  in  the  hollow  horned  ruminants,  and  various 
tegumentary  spines  and  scales,  present  in  many  animals, 
are,  like  hairs  and  nails,  special  modifications  of  the 
tegumentary  system. 

Each  hair  foUicle  has  opening  into  it  the  excretory  duct 
of  a^  smaU  gland,  named  a  setaceous  gland.  This  gland 
consists  of  the  excretory  duct,  and  of  from  two  to  twenty 
grape-Hke  saccular  expansions  which  open  into  the  duct. 
The  wall  of  the  saccuU  and  of  the  duct  is  continuous  with 
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the  vitreous  layer  of  the  outer  wall  of  the  hair  follicle. 
Capillary  blood-vessels  are  distributed  on  the  outer  wall  of 
the  saccuU.  The  sacculi  are  almost  entirely  filled  with 
polygonal  cells  containing  drops  of  fat,  which  cells  are 
continuous  with  the  epithelial  lining  of  the  gland  duct  and 
the  ceUs  of  the  outer  root-sheath.  These  glands  secrete  a 
fatty  material,  which  lubricates  the  surface  of  the  hair. 
Sometimes  a  small  parasite,  called  Acarus  follieulorum,  is 
found  in  a  sebaceous  gland. 

Some  years  ago  Kolliker  described  one  or  two  bundles 
of  smooth  muscular  fibres  extending  from  the  wall  of  the 
hair  follicle  to  the  deep  surface  of  the  cutis;  these  muscles, 
named  arrectores  pili,  by  their  contraction  erect  the  hairs, 
that  is,  cause  them  to  become  more  prominent,  and  produce 
the  condition  of  skin,  called  cutis  anserina  or  goose  skin, 
well  known  to  occur  when  cold  is  applied  to  the  surface  of 
the  body. 

Hairs  are  developed  about  the  4th  month  of  embryo  life, 
within  depressions  in  the  cutis,  which  form  the  future  hair 
follicles,  fiUed  with  ceUs  similar  to,  and  continuous  with  the 
epiblast  ceUs  of  the  rete  Malpighii.  A  papiUa  forms  at  the 
bottom  of  this  depression,  around  which  the  ceUs  become 
arranged  in  a  bulbous  expansion.  The  cells,  in  line  with 
the  bulb,  elongate  and  harden,  and  group  themselves  so  as 
to  form  the  shaft  of  the  young  hair,  which  at  this  stage  is 
completely  buried  within  the  f oUicle.  A  rapid  production 
of  new  cells  takes  place  at  the  bulb,  the  hair  consequently 
increases  in  length,  and  is  pushed  outwards  through  the 
superficial  horny  stratum  of  the  cuticle,  wHch  had  closed 
in  the  mouth  of  the  depression  or  foUicle  in  which  the  hair 
is  produced.    At  the  same  time,  the  more  external  ceUs 
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within  the  follicle  are  pushed  outwards  towards  its  wall 
and  form  the  cells  of  the  root-sheath.  When  a  hair  is 
pulled  out  of  its  follicle  the  cells  of  the  root-sheath  are 
drawn  out  along  with  it.  A  new  hair  wiU  be  developed 
at  the  bottom  of  a  follicle  from  which  the  hair  has  been 
shed  as  long  as  cells  continue  to  be  formed  around  the 
papilla.  When  the  growth  of  cells  ceases  within  the  hair 
follicles  then  permanent  baldness  is  the  result. 

The  sebaceous  glands  are  developed  as  bud-like  offshoots 
from  the  hair  follicles,  filled,  like  the  follicles  themselves, 
with  cells  continuous  with  the  epiblast  cells  of  the  rete 
Malpighii.  Instead  -of  the  cells  in  these  buds  differentiat- 
ing into  a  hair,  they  become  filled  with  fatty  particles,  and 
the  wan  of  the  bud  assumes  the  characteristic  sacculated 
form  of  the  gland. 

Sweat  Glands,  or  sudoriparous  glands,  are  found  generally 
distributed  throughout  the  skin,  but  are  most  abundant  in 
tJie  palms  and  soles,  where  they  number  2500  to  3000  in 
each  square  inch.    In  the  skin  of  the  back,  again,  there 
are  only  between  400  and  500  in  the  square  inch.  Each 
gland  consists  of  a  ball-like  body  lying  in  the  subcutaneous 
tissue,  from  which  a  tubular  duct  proceeds  through  the 
skin  to  open  on  its  free  surface.    The  baU  is  composed  of 
a  convoluted  tube  continuous  with  the  tubular  duct,  and 
terminating  in  a  bHnd  end.    The  wall  of  the  gland  tube 
consists  of  a  deKcate  nucleated  membrane  Hned  by  columnar 
secreting  cells.    It  is  surrounded  by  connective  tissue 
containing  capillary  blood-vessels.     As  the  gland-duct 
pierces  the  cutis  it  passes  between  the  papilla;  in  its  course 
through  the  cuticle  it  pursues  a  spiral  direction,  and  has  its 
walls  formed,  not  of  a  distinct  membrane,  but  of  the  cutide 
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cells  ttemselves.  The  epithelial  lining  of  the  duct  is 
continuous  with  the  cells  of  the  rete  Malpighii  of  the  cuticle. 
In  the  axilla  and  groin  the  sweat  glands  are  much  larger 
than  in  the  skin  generally.  The  sweat  glands  arise  as 
flask-shaped  pouches  of  the  rete  Malpighii  projecting  into 
the  cutis,  which  in  course  of  time  become  elongated  into 
tubes,  and  the  cells  contained  in  which  become  the  secreting 

cells  of  the  gland. 

The  cutis,  with  its  vascular  and  nervous  structures,  is 
produced  by  a  differentiation  of  the  ceUs  of  the  meso- 
blast.  The  two  layers  of  the  epidermis,  with  the  ceUular 
prolongations  into  the  hair  follicles,  sebaceous  glands,  and 
sweat  glands,  are  differentiations  of  the  cells  of  the  epiblast. 


CHAPTEE  YII. 


VASCULAR  SYSTEM. 


The  human  body  and  the  bodies  of  all  the  more  highly 
organized  animals  are  traversed  by  a  system  of  closed, 
branching  tubes  or  pipes,  technically  called  Vessels,  some 
of  which  in  man  are  nearly  an  inch  in  diameter,  others  so 
small  as  to  require  a  microscope  for  their  examination, 
others  again  of  every  intermediate  size.    In  connection 
with  the  vessels  is  a  central  organ,  the  Heart.    The  heart 
and  the  vessels  collectively  constitute  the  Vascular  System. 
When  examined  after  death  the  vessels  are  frequently 
found  to  be  empty,  but  during  Kfe  they  contain  fluids. 
Some  contain  Blood,  and  form  the  Sanguiferous  or  Blood- 
vascular  system;  others  contain  Lymph,  and  form  the 
Lymph-vascular  system.     The  lymph-vascular  system  is 
not  distinct  from  and  independent  of  the  blood-vascular 
system,  but  communicates  with  it  at  several  points.  The 
vascular  system  is  a  hydraulic  apparatus,  possessing  a 
pump,  pipes,  and  valves.    The  heart  is  the  pump,  which 
works,  not  by  the  movements  of  a  piston,  but  by  the  con- 
tractioa  of  its  muscular  waUs ;  the  vessels  are  the  pipes 
which  convey  the  contained  fluid,  and  they  are  provided 
in  certain  localities  with  valves  for  directing  its  flow. 

2  c 
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Blood- Vasculae  System. 

The  blood  flows  througli  the  blood-vascular  system  in  a 
given  direction,  and  its  movement  is  called  the  circulation 
of  the  blood.    In  man  and  the  higher  vertebrates  the  heart 
is  a  double  organ,  i.e.,  it  consists  of  a  right  and  a  left 
portion,  intimately  united  to,  but  not  directly  communicat- 
ing with,  each  other.    The  blood  which  flows  from  its 
right  side  passes  through  vessels  which  traverse  the  lungs, 
and  is  conveyed  to  the  left  side  of  the  heart :  this  is  called 
the  pulmonary  circulation.    The  blood  which  flows  from 
the  left  side  passes  through  vessels  which  traverse  the  body 
generally,  and  is  conveyed  to  the  right  side  of  the  heart : 
this  is  called  the  systemic  circulation.    The  complete  circu- 
lation, i.e.,  the  passage  of  a  drop  of  blood,  from  one  side  of 
the  heart,  back  again  to  the  same  side,  can  only  be  effected 
by  passing  through  both  the  pulmonic  and  systemic  circu- 
lations.    Hence  the  complete  circulation  is  sometimes 
called  a  double  circulation. 

The  vessels  which  carry  the  blood  away  from  the  heart 
are  called  arteries.  The  arteries  branch  and  terminate  in 
a  network  of  vessels  of  microscopic  size  called  capillaries. 
The  vessels  which  convey  the  blood  back  to  the  heart  are 
veins,  and  the  veins  arise  from  the  capillaries.  The 
arteries  and  veins  do  not  communicate  directly  with  each 
other,  but  centrally  through  the  intermediation  of  the  heart, 
and  peripheraUy  through  the  intermediation^of  the  capH- 
laries.  Hence,  both  in  the  pulmonary  and  systemic  circu- 
lations, the  blood  in  its  passage  from  the  arteries  into  the 
veins  must  go  through  capillaries.  The  blood  which  flows 
from  the  left  side  of  the  heart  into  the  systemic  arteries  is 
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bright  red,  pure  or  arterial  blood;  as  it  traverses  the 
systemic  capillaries  it  parts  with  certain  of  its  constituents 
to  nourish  the  organs  and  tissues,  and  as  it  also  receives 
from  them  waste  products  it  becomes  impure  blood;  in 
which  condition  it  flows  back  to  the  right  side  of  the  heart 
by  the  systemic  veins  as  dark  red,  or  venous  blood ;  hence 
the  right  side  of  the  heart  is  often  called  the  venous  side. 
The  blood  which  flows  from  the  right  side  of  the  heart 
along  the  pulmonary  artery  is  this  dark-red,  venous  blood  ; 
as  it  traverses  the  pulmonary  capillaries  it  is  purified  by 
the  action  of  the  air  in  the  lungs,  it  parts  with  carbonic 
acid,  takes  up  oxygen,  and  is  changed  into  arterial  or  pure 
blood,  in  which  condition  it  flows  back  by  the  pulmonary 
veins  to  the  left  side  of  the  heart,  which  consequently  is 
caUed  the  arterial  side.     The  object  of  the  pulmonary 
circulation,  therefore,  is  to  reconvert  into  pure  blood  the 
blood  which  has  been  rendered  impure  during  its  passage 
through  the  systemic  capillaries. 

The  anatomy  of  the  heart,  and  of  the  pericardium,  the 
bag  in  which  it  is  enclosed,  will  first  be  described. 


THE  PERICAEDIUM. 

The  Pericardium  is  a  bag  which  envelopes  the  heart.  It 
is  situated  in  the  cavity  of  the  thorax,  and  occupies  the 
middle  division  of  the  space  called  mediastinum,  between 
the  two  lungs ;  it  lies  therefore  behind  the  sternum,  and 
m  front  of  the  spinal  column,  but  projects  more  to  the  left 
than  to  the  right  side  of  the  mesial  plane.  Laterally  the 
pericardium  is  in  relation  to  the  lung,  pleura,  and  phrenic 
nerve;  but  the  lungs,  when  inflated  during  inspiration, 
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overlap  the  pericardium,  and  lie  between  it  and  the 
sternum  and  costal  cartilages.  The  pericardium  is  sepa- 
rated from  the  spine  by  the  contents  of  the  posterior 
mediastinum.  It  is  attached  below  to  the  central  tendon 
of  the  diaphragm,  and  blends  above  with  the  sheaths  of 
the  great  vessels  which  pass  to  and  from  the  heart.  Two 
fibrous  bands,  the  stemo-pericardiac  ligaments  of  Luschka, 
are  connected  to  its  anterior  surface ;  the  superior  ligament 
springs  partly  from  the  back  of  the  manubrium,  and  is 
partly  continuous  with  the  cervical  fascia;  whilst  the 
inferior  ligament  proceeds  from  the  inner  side  of  the  base 
of  the  xiphi  sternum. 

Structure. — The  pericardium  is  formed  externally  of  a 

strong  fibrous  membrane, 
^^^^^        .  which   is   attached  by 

areolar  tissue  to  the  dia- 
Ili^^^H^^^  phragm,  the  wall  of  the 

/^^Pl^fl^^^  oesophagus  and  the  at- 

tached  surface  of  the  two 

When  the  pericardium 

^^^^^^^B^RJ^-  _     ^'^      ^^^^      inner  sur- 
*=*=^2^^si5***^  j^^g     gggj^      possess  a 

smooth,  free,  glistening, 

^S^p!^^^^^:^  ^^--^^^  ^^P^°^' 

diaphragm.  ^j^g  inner  Surface  of  the 

dura  mater.  This  is  due  to  the  interior  of  the  bag  being 
lined  by  a  single  layer  of  squamous  endothelium.  Where 
the  fibrous  membrane  of  the  pericardium  is  prolonged 
on  to  the  aorta,  the  pulmonary  artery  and  veins,  and 
the  venee  cav»,  the  serous  endothelial  Hning  of  the  bag 
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is  reflected  as  a  covering  upon  those  great  vessels,  and 
is  continued  from  them  over  the  exterior  of  the  heart 
itself,  so  as  to  give  it  a  covering,  possessing  a  smooth, 
free,  P  glistening    serous   surface,    which  is  called  the 
visceral  layer  of  the  pericardium,  or  the  epicardkcm.  The 
serous  lining  does  not  form  a  separate  covering  for  the 
aorta  and  the  pulmonary  arterial  trunk,  but  encloses  them 
in  a  common  sheath ;  each  of  the  great  veins  has  its  own 
investment,  though  the  covering  given  to  the  inferior  cava 
is  very  short,  as  that  vein  opens  into  the  right  auricle 
immediately  on  piercing  the  fibrous  membrane  of  the 
pericardium.     A  fold  of   the  pericardium,  named  by 
Marshall  the  vestigial  fold,  is  situated  between  the  left 
pulmonary  artery  and  immediately  subjacent  pulmonary 
vein.    This  fold  marks  the  position  of  a  vessel  present  in 
the  embryo  heart,  and  known  as  the  left  saperior  vena 
cava,  or  duct  of  Cuvier.    The  free  surface  of  the  epicardium 
glides  upon  the  serous  lining  of  the  bag  during  the  move- 
ments of  the  heart,  and  the  two  surfaces  are  lubricated  by 
a  little  serous  fluid;  which  under  certain  pathological 
conditions  may  increase  in  quantity,  and  produce  dropsy 
of  the  pericardium. 

THE  HEART. 

The  Heart  is  a  hollow  muscle  enclosed  in  the  peri- 
cardium, and  lying  in  the  thoracic  cavity  in  the  middle 
division  of  the  mediastinal  space  between  the  two  pleural 
membranes.  It  is  the  great  motor  organ  for  the  circula- 
tion of  the  blood,  and,  though  varying  in  its  dimensions 
with  the  amount  of  blood  that  it  contains,  may  be  said  to 
be  of  munh  the  same  size  as  the  fist  of  the  individual.  It 


398 


ANATOMY. 


measures  about  five  inches  in  length,  by  three  and  a  half 
in  its  greatest  breadth,  and  is  about  two  and  a  half  inches 
in  thickness.    Its  weight  is  from  nine  to  ten  ounces. 


Fio.  116. — The  Thoracic  Viscera. 

In  this  dingram  the  lunga  are  turned  to  the  side,  and  the  pericardium  re- 
moved to  display  the  heart.  <i,  upper,  a',  lower  lobe  of  left  lung;  6.  upper, 
y,  middle,  b",  lower  lobe  of  right  lung;  c,  trachea;  d,  arch  of  aorta;  e, 
superior  vena  cava;  /  pulmonary  artery;  g,  left,  and  A,  right  auricle;  *,  right, 
and/,  left  ventricle ;  m,  inferior  vena  cava;  n,  descending  aorta;  1,  innommate 
artery  -  2  right,  and  4,  left  common  carotid  artery;  3,  right,  and  5,  left  sub- 
clavian artery  •  6,  6,  right  and  left  innominate  vein ;  7  and  9,  left  and  rieht 
internal  iueular  veins ;  8  and  10,  left  and  right  subclavian  veins ;  11,  12,  13,  left 
pulmonary  artery,  bronchus,  and  vein;  14,  15,  16,  right  bronchus,  pulmonaiy 
artery,  and  vein;  17  and  18,  left  and  right  coronary  arteries. 

The  heart  is  frequently  compared  in  shape  to  a  blunt 
cone,  and  is  directed  obliquely  from  above  downwards, 
from  right  to  left,  and  from  behind  forwards.  For  descrip- 
tive purposes  it  may  be  regarded  as  possessing  a  base,  an 
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apex,  an  anterior  and  a'posterior  surface,  a  right  and  left 
border.  The  base  lies  backwards,  upwards,  and  to  the 
right,  opposite  the  4th  to  the  8th  dorsal  vertebrae.  The  apex 
is  directed  downwards,  forwards,  and  to  the  left,  opposite 
to  the  interval  between  the  5th  and  6th  left  ribs,  where  it 
comes  into  relation  with  the  anterior  wall  of  the  chest 
about  IJ  inch  below  the  nipple,  and  3|  inches  from  the 
middle  line  of  tbe  sternum.  The  anterior  surface  is 
convex,  and  in  relation  to  the  back  of  the  lower  half  of 
the  sternum,  of  the  3d,  4th,  6th,  and  6th  left  costal  carti- 
lages, and  the  3d,  4th,  and  5th  right  costal  cartileges.  The 
pleurae  and  lungs  overlap  this  surface  of  the  heart,  being 
separated  from  it  by  the  pericardium.  The  posterior  surface 
is  flattened,  and  in  relation  to  the  diaphragm.  The  right 
border  is  thin  when  compared  with  the  left  border,  which  is 
shorter  and  more  rounded.  About  two-thirds  of  the  heart  are 
situated  to  the  left  of  the  mesial  plane  of  the  thoracic  cavity. 

The  outer  surface  of  the  heart  is  marked  by  grooves, 
which  indicate  externally  its  division  internally  into  four 
chambers  or  cavities.  One  of  these  grooves,  called  the 
auriculo-ventricular  groove,  runs  around  the  heart,  both  on 
the  anterior  and  posterior  surfaces,  from  border  to  border, 
and  marks  off  the  two  auricles  from  the  two  ventricles. 
This  groove  is  more  distinct  on  the  back  than  on  the  front 
of  the  heart,  for  it  is  concealed  anteriorly  by  the  origins  of 
the  aorta  and  the  pulmonary  artery.  Two  longitudinal 
grooves  extend  from  the  base  to  the  apex  of  the  heart,  one 
on  the  anterior  surface,  the  other  on  the  posterior.  They 
indicate  the  separation  of  the  heart  into  a  right  and  left 
portion  or  side.  The  right  side  consists  of  the  right 
auricle  and  right  ventricle,  the  left  side  of  the  left  auricle 
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and  left  ventricle.  I'he  two  longitudinal  grooves  are  most 
distinctly  marked  on  the  ventricular  portion  of  the  heart, 
where  they  are  called  the  ventricular  grooves.  The  anterior 
ventricular  groove  is  nearer  to  the  left  than  to  the  right 
border,  whilst  the  posterior  ventricular  groove  is  nearer  to 
the  right  border.  The  two  grooves  become  continuous  with 
each  other  immediately  to  the  right  of  the  apex  of  the 
heart.  In  one  mammal,  viz.,  the  dugong,  the  ventricular 
grooves  are  deepened  at  the  apex  into  a  wide  cleft,  extend- 
ing between  the  two  ventricles. 

To  study  the  chambers  of  the  heart  incisions  should  be 
made  through  the  walls  of  the  auricles  and  ventricles,  when 
all  these  chambers  wiU  be  seen  to  be  lined  by  a  smooth 
membrane,  the  endocardium,  which  is  continuous  on  the 
one  hand  with  the  lining  membrane  of  the  several  veins, 
and  on  the  other  with  the  lining  membrane  of  the  arteries, 
which  communicate  with  the  chambers. 

The  Right  Auricle  occupies  the  right  part  of  the  base  of 
the  heart.  It  consists  of  a  large  dilated  portion,  the  sinus 
venosus,  and  of  a  small  ear-shaped  appendage,  the  auricula. 
Its  muscular  wall  is  smooth  internally,  except  in  the  auri- 
cula and  adjacent  anterior  wall  of  the  sinus  venosus,  where 
it  is  thrown  into  parallel  ridges,  like  the  teeth  of  a  comb, 
named  musculi  pectinati.  Into  the  sinus  venosus  open  the 
great  systemic  veins  or  venae  cavse.  The  superior  vena 
cava  conveys  to  the  auricle  the  systemic  blood  that  has 
been  circulating  in  the  body  above  the  diaphragm;  it 
opens  by  a  patent  mouth  into  the  upper  and  back  part  of 
the  sinus  venosus.  The  inferior  vena  cava  conveys  to  the 
auricle  the  blood  that  has  been  circulating  in  the  parts  of 
the  body  below  the  diaphragm ;  it  opens  into  the  lower  and 
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back  part  of  the  auricle,  and  at  its  moutli  is  the  Eustachian 
valve.    The  valve  of  Eustachius  is  a  crescent-shaped  fold 
of  the  endocardium,  situated  in  front  of  the  mouth  of  the 
inferior  cava :  its  anterior  cornu  is  continuous  with  the 
annulus  ovalis  on  the  auricular  septum,  its  posterior  cornu 
is  lost  on  the  outer  wall  of  the  auricle.     The  valve  in 
the  adult  is  often  perforated  with  holes,  or  is  so  rudimen- 
taiy  as  to  be  functionless,  but  in  the  foetus  it  is  a  large 
and  important  structure.     Close  to  the  orifice  of  the 
inferior  cava  is  the  mouth  of  another  large  vein,  the 
coronary  venous  sinus,  which  returns  most  of  the  blood  from 
the  walls  of  the  heart  itself ;  this  orifice  also  possesses  a  small 
crescent-shaped  valve,  the  coronary  or  Thebesian  valve. 
Several  minute  openings,  the  foramina  Thehesii,  scattered 
over  the  inner  wall  of  the  auricle,  are  the  mouths  of  small 
veins  ramifying  in  the  wall  itself.    Through  these  various 
orifices  the  venous  blood  pours  into  the  auricle,  and  then 
flows  into  the  right  ventricle  through  a  large  orifice,  the 
right  auriculo-ventricular  opening,  which  lies  at  the  lower 
part  of  the  auricle  in  front  of  the  inferior  cava.    The  right 
auricle  is  separated  by  a  partition,  the  auricular  septum, 
from  the  left  auricle.    On  the  surface  of  this  septum  is  a 
depression,  the  fossa  ovalis,  surrounded  by  a  raised  border, 
the  anmdus  ovalis,  with  which  border  the  inner  end  of  the 
Eustachian  valve  is  continuous.    Before  the  birth  of  the 
child  the  septum  is  perforated  by  a  hole,  called /o?  'amen 
ovale,  through  which  the  blood  directed  by  the  Eustachian 
valve  flows  from  the  inferior  vena  cava  into  the  left  auricle. 
This  foramen  closes  up  after  the  birth  of  the  child,  but 
sometimes  a  small  orifice,  directed  obliquely  through  the 
septum,  persists  even  in  the  adult. 
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The  Right  or  Anterior  Ventricle  forms  tlie  riglit  border, 
a  large  part  of  the  anterior  surface,  but  only  a  small 
part  of  the  posterior  surface  of  the  heart.  It  is  shaped 
somewhat  like  a  flattened  cone,  its  apex  being  directed 
downwards  towards  the  apex  of  the  heart,  its  base  to  the 


Fig.  117.— Cavities  of  the  rigM  side  of  the  Heart. 

a  superior,  and  6,  inferior  vena  cava ;  c,  arch  of  aorta ;  d,  pulmonary  artery;  e, 
rieht  and/,  left  auricular  appendage;  g,  fossa  ovalis;  h,  Eustachian  valve;  *. 
mouth  of  •coronaiy  vein;  I,  m,  n,  cusps  of  the  tricuspid  valve;  o,  o,  papillary 
muscles ;  p,  semilunar  valve ;  g,  coi-pus  Arantii ;  r,  lunula. 

corresponding  auricle.  The  inner  surface  of  its  muscular 
wall  is  very  irregular,  owing  to  the  muscular  bundles 
being  elevated  into  strong  reticulated  ridges,  caUed  columnce 
carnece.    Two,  or  it  may  be  three,  of  these  fleshy  columns 
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project  like  nipples  or  big  papillae  into  the  cavity  of 
the  ventricle,  and  are  called  musculi  papillares.  Attached 
to  the  free  apes  of  each  papillary  muscle  are  several  fibrous 
threads,  the  chordce  tendinece,  which,  by  their  opposite 
extremities,  are  connected  to  the  segments  of  a  large  valve 
situated  around  the  opening  between  the  right  auricle 
and  ventricle.  The  right  auriculo-ventricular  opening, 
situated  at  the  base  of  the  ventricle,  is  sufiiciently  large  to 
admit  three  fingers,  and  possesses  a  valve,  which  consists 
of  three  large  pointed  segments  or  cusps  (hence  the  name 
tricuspid  given  to  it),  between  which  three  small  inter- 
mediate cusps  lie.  One  of  the  large  cusps  is  opposite 
the  anterior  wall  of  the  ventricle,  another  opposite  the 
posterior,  whilst  the  third  is  to  the  left  between  the 
auriculo-ventricular  opening  and  the  conus  arteriosus. 
The  cusps  are  flattened  triangular  folds  of  the  endocardial 
membrane  connected  by  their  bases  around  the  opening ; 
when  the  valve  is  not  in  action  the  apex  of  each  cusp 
hangs  pendulous  in  the  ventricle  :  one  surface  is  smooth, 
and  looks  to  the  cavity  of  the  ventricle,  the  other  surface 
is  rough,  and  is  directed  to  its  wall ;  to  this  rough  surface, 
to  the  apex,  and  to  the  edges  of  the  cusp,  the  chordte 
tendinese  are  attached.  As  the  musculi  papillares,  from 
which  the  chordse  tendinese  spring,  are  opposite  the  inter- 
vals between  the  cusps,  the  chordse  tendinese  from  any 
given  papillary  muscle  divide  themselves  into  two  groups, 
one  for  each  of  the  two  cusps  between  which  it  is  situated. 
In  the  mammalian  heart,  and  as  Eolleston  has  shown  in  the 
the  heart  of  the  bird,  a  band  not  unf requently  passes  from 
the  base  of  the  anterior  papillary  muscle  to  the  septal  wall 
of  the  ventricle.    As  it  prevents  over-distension  of  the 
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ventricle,  it  has  beea  named  the  mod&rator  land.  In  the 
bird  the  right  auriculo-ventricular  valve  is  a  muscular 
structure. 

The  base  of  the  right  ventricle  forms  to  the  left  and  in 
front  of  the  auriculo-ventricular  opening,  a  funnel-shaped 
prolongation,  the  conus  arteriosus,  from  which  the  pulmo- 
nary artery  arises,  through  the  intervention  of  a  strong 
fibrous  ring.    Surrounding  the  mouth  of  this  artery  is  a 
valve  called  semilunar,  which  consists  of  three  semilunar 
segments.    Each  segment  is  attached  by  its  convex  border 
to  the  artery  where  it  springs  from  the  ventricle.  The 
opposite  border  is  free,  and  possesses  at  its  centre  a  minute 
nodule,  the  corpus  Arantii,  from  which  slender  fibrous 
threads  curve  outwards  at  the  free  border  and  in  the  sub- 
stance of  the  valve  to  strengthen  it.   A  thin  lunated  portion 
lies  immediately  within  the  free  border.  One  surface  of  the 
valve  is  convex,  and  directed  to  the  lumen  (i.e.,  the  space 
contained  by  the  walls)  of  the  artery ;  the  other  is  concave, 
and  directed  to  the  wall  of  the  artery,  and  between  it  and 
the  wall  is  a  pouch  named  sinus  of  Valsalva.  The 
pulmonary  artery  extends  upwards  and  to  the  left  for 
about  If  inch,  and  then  divides  into  two  branches,  one  for 
each  lung.    The  right  ventricle  is  completely  separated 
from  the  left  by  the  ventricular  septum,  which  passes 
obliquely  from  left  to  right,  and  from  before  backwards,  so 
that  it  forms  the  posterior  wall  of  the  right  ventricle  and 
the  anterior  wall  of  the  left.    The  apex  of  the  septum  is 
at  the  apex  of  the  heart,  its  base  or  highest  part  is  between 
the  two  auriculo-ventricular  openings.    Thuruam  pointed 
out  that  the  highest  part  is  not  formed  of  muscular  fibres, 
but  of  the  endocardial  membrane,  strengthened  by  fibrous 
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tissue.  This  part  is  called  pars  memhranacea  septi.  In 
very  rare  cases  it  is  defective,  and  then  an  opening  of  com- 
munication exists  between  the  two  ventricles. 

The  Left  Auricle  is  situated  at  the  posterior  and  left 
part  of  the  base  of  the  heart,  and,  like  the  right  auricle, 
consists  of  a  dilated  sinus  venosus  and  an  ear-shaped 
appendage,* the  auricula.  Its  muscular  wall  has  a  smooth 
surface  internally,  except  in  the  auricula,  where  the  comb- 
like  musculi  pectinati  occur.  Opening  into  the  posterior 
part  of  the  sinus  venosus  are  the  orifices  of  the  four  jow^ 
monary  veins,  two  from  the  right,  two  from  the  left  lung ; 
these  orifices  are  without  valves.  At  the  lower  part  of  the 
auricle  is  the  large  left  auriculo-ventriait,lar  orifice  of  com- 
munication between  it  and  the  base  of  the  left  ventricle. 
The  auricular  septum  is  marked  by  a  slight  depression, 
which  indicates  the  position  of  the  foramen  ovale  in  the 
foetal  heart.  The  auricular  appendix  is  somewhat  longer 
than  on  the  right  side,  and  curves  forward  by  the  side  of 
the  pulmonary  artery. 

The  Left  or  Posterior  Ventricle  forms  the  left  border, 
the  apex,  a  large  part  of  the  posterior  surface,  but  only  a 
small  part  of  the  anterior  surface  of  the  heart.  It  is  conical 
in  form,  its  apex  is  at  the  apex  of  the  heart,  the  base  at 
the  corresponding  auricle.  As  in  the  right  ventricle,  the 
inner  surface  of  its  wall  is  elevated  into  fleshy  columns, 
two  of  which  project  Uke  nipples  into  the  cavity  and  form 
large  musculi  papillares,  which  have  chorda}  tendinem  con- 
nected with  them.  The  left  auriculo-ventricular  opening, 
situated  at  the  base  of  the  ventricle,  is  large  enough  to 
admit  two  fingers.  It  possesses  a  valve,  which  consists  of 
two  large  pointed  segments  or  cusps,  hence  it  is  caUed  the 
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bicuspid  valve;  and  as  these  cusps  are  placed  one  in  fronb 
of  the  other  like  the  segments  of  a  bishop's  mitre,  the  name 
mitral  valve  is  often  given  to  it.  The  cusps  agree  in  shape, 
general  arrangement,  and  mode  of  attachment  with  those 
of  the  tricuspid  valve,  but  they  are  stronger.  The  more 
posterior  segment  lies  in  relation  to  the  posterior  wall  of 
the  ventricle  :  the  more  anterior  segment  lies  obliquely 
between  the  auricular  and  aortic  orifices,  and  is  charac- 
terized by  being  smooth  on  both  its  surfaces.  At  the 
angles  between  the  bases  of  attachment  of  the  two  large 
cusps  of  this  valve  two  small  intermediate  cusps  are 
situated.  The  chordce  tendinece,  springing  from  each  mus- 
culus  papillaris  separate,  as  on  the  right  side,  into  two 
groups,  one  for  each  of  the  two  cusps. 

From  the  base  of  this  ventricle  the  great  systemic  artery 
or  aorta  arises  through  the  intervention  of  a  strong 
fibrous  ring.  The  mouth  of  the  aorta  is  surrounded  by  a 
three-segmented  semilunar  valve,  similar  in  form,  mode  of 
attachment,  and  structure  to  the  semilunar  pulmonary  valve, 
but  with  thicker  and  stronger  segments,  and  possessing 
more  strongly  marked  sinuses  of  Valsalva.  The  segments 
are  placed,  one  in  relation  to  the  posterior  wall  of  the  aorta, 
and  two  to  its  antero-lateral  wall.  The  base  of  each  ventricle 
has  therefore  two  openings  in  it,  one  for  communication 
with  the  auricle,  the  other  with  the  great  artery  arising 
from  the  ventricle.  The  auriculo-ventricular  openings  are 
the  most  posterior,  and  almost  in  the  same  transverse  plane ; 
the  aortic  opening  lies  in  front  of  the  interval  between  the 
two  auriculo-ventricular,  and  the  pulmonary  opening  is  in 

front  of  the  aortic. 

The  relation  which  these  openings  have  to  the  anterior 
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wall  of  the  chest  is  of  importance  in  connection  with  the 
diagnosis  of  disease  of  the  valves.    The  pulmonary  open- 
ing lies  behind  the  articulation  of  the  third  left  costal  car- 
tilage with  the  sternum,  and  the  trunk  of  the  pulmonary- 
artery  ascends,  prior  to  its  bifurcation,  as  high  as  the  level 
of  the  second  left  costal  cartilage.    The  aortic  opening, 
somewhat  lower  down  than  the  pulmonary,  and  posterior 
to  it,  is  situated  behind  the  left  border  of  the  sternum,  on 
a  level  with  the  third  intercostal  space.   The  right  auriculo- 
ventricular  or  tricuspid  opening,  lies  behind  the  sternum, 
on  a  level  with  the  fourth  pair  of  costal  cartilages.  The 
left  auriculo-ventricular  or  mitral  opening  is  on  the  same 
plane  as  the  right  tricuspid  opening,  but  to  its  left  side. 

Structure.— T!]iQ  walls  of  the  cavities  of  the  heart  are 
chiefly  formed  of  striped  muscular  fibre,  over  the  contrac- 
tions of  which  the  Will  exercises  no  control;  but,  in  addition, 
connective  tissue,  a  little  fibro-cartilaginous  tissue,  the 
endocardium,  and  vessels  and  nerves  are  also  found. 

The  muscular  fibres  are  collected  into  fasciculi,  which 
have  a  reticulated  arrangement,  and  the  fibres  themselves 
branch  and  again  unite  to  form  a  complicated  network. 
The  fibres  of  the  walls  of  the  auricles  are  distinct  from 
those  of  the  ventricles,  so  that  the  auricular  and  ventricular 
compartments  are  connected  together,  not  by  an  inter- 
change of  muscular  tissue,  but  by  an  intermediate  ring- 
like arrangement  of  fibres  of  connective  tissue,  known  as  the 
auriculo^entricular  rings.  The  muscular  fasciculi  of  the 
auricles  are  arranged  in  two  strata.  The  deeper  stratum 
consists  of  fibres  proper  to  each  auricle,  some  of  which  run 
obliquely  in  the  waU,  others  surround  the  auricula,  and 
others  are  prolonged  in  rings  into  the  coats  of  the  venae 
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cavae  and  pulmunary  veins,  whilst  fibres  extend  longitu- 
dinally and  obliquely  along  the  wall  of  the  coronary  venous 
sinus.  The  superficial  stratum  consists  of  fasciculi,  which 
run  obliquely  from  one  auricle  to  the  other  on  both  the 
anterior  and  posterior  surfaces,  and  are  said  to  be  prolonged 
into  the  auricular  septum. 

The  muscular  wall  of  the  ventricles  is  much  thicker  than 
that  of  the  auricles,  and  the  wall  of  the  left  ventricle  is 
about  three  times  thicker  than  the  right.  The  fibres  vary 
in  their  direction  in  difi'erent  parts  of  the  thickness  of  the 
ventricular  walls.  The  superficial  external  fibres  run 
on  the  anterior  surface  of  the  ventricles  obliquely  from 
above  downwards,  and  from  right  to  left,  and  dip  into  the 
anterior  ventricular  groove  to  enter  the  septum,  whQst  on 
the  posterior  surface  they  extend  across  the  posterior  ven- 
tricular groove.  At  the  apex  of  the  heart  they  turn 
inwards  in  a  whorl-like  manner,  and,  as  was  known  to 
Lower  and  Gerdy,  become  continuous  with  superficial  fibres 
on  the  inner  wall  of  the  ventricle.  At  the  base  of  the 
ventricles,  some  of  the  superficial  external  fibres  are 
attached  to  the  auriculo-ventricular  and  arterial  rings,  but 
the  greater  number  turn  round  the  border  of  the  auriculo- 
ventricular  openings,  and,  as  Pettigrew  has  shown,  become 
continuous  with  the  superficial  internal  fibres,  which  run  ob- 
liquely in  the  reverse  direction.  The  internal  fibres  are  also 
prolonged  into  the  musculi  papillares,  the  chordae  tendinete 
springing  from  which  serve  therefore  as  tendons  of  inser- 
tion of  these  muscles.  Deeper  in  the  substance  of  the  wall 
the  fibres  are  arranged  in  different  degrees  of  obliquity, 
and  about  the  centre  of  the  thickness  of  the  wall  are  seen 
to  lie  in  the  horizontal  plane.    Various  anatomists  have 
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described  these  fibres  of  the  ventricles  as  arranged  in  layers. 
Lower  recognised  two  layers  spirally  crossing  each  other ; 
HaUer,  three ;  Wolff,  three  in  the  right  and  six  in  the  left 
ventricle.   Pettigrew  at  one  time  believed  he  could  dissect 
nine  layers,  but  has  subsequently  reduced  the  number  to 
seven — three  external,  a  fourth  or  central,  and  three 
internal.    He  conceives  that  the  fibres  of  the  three  external 
layers  run  in  a  spiral  direction  from  left  to  right  down- 
wards, the  first  layers  being  more  vertical  than  the  second, 
and  the  second  than  the  third,  whilst  the  fibres  of  the 
fourth  or  central  layer  are  horizontal.    The  three  internal 
layers  also  run  spirally,  but  in  the  reverse  direction  from 
the  external,  with  which  they  become  continuous  both  at 
the  base  and  apex.    The  subdivision  of  the  ventricular 
wall  into  such  precise  and  determinate  layers  as  is  implied 
in  the  descriptions  of  Pettigrew  is,  however,  an  artificial 
procedure.    There  can  be  no  doubt,  as  his  dissections  so 
beautifully  show,  that  the  direction  of  the  fibres  in  the 
ventricular  wall  varies  at  different  depths;  but  owing  to  the 
reticulated  arrangement  of  the  fibres,  not  only  are  those 
connected  together  which  lie  in  the  same  plane  in  one  of  the 
so-called  layers,  but  they  also  anastomose  with  the  fibres 
in  the  layers  immediately  superjacent  and  subjacent  to  it. 
Hence  when  one  layer  is  peeled  off,  that  immediately  sub- 
jacent exhibits,  not  a  smooth  face,  which  it  would  have 
done  had  the  definition  of  the  layers  been  distinct,  but  a 
rough  appearance,  due  to  the  rupture  of  intermediate 
connecting  muscular  fibres.     The  fasciculi  form,  there- 
fore, a  network,  the  strands  of  which  are  arranged  in  two 
directions,  one  parallel  to  the  surfaces  of  the  ventricles, 
the  other  passing  from  the  inner  to  the  outer  surface  of 
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the  wall.  Owing  to  these  connections  the  substance  of  the 
wall  of  the  ventricle,  as  Henle's  dissections  show,  may, 
with  the  exception  of  the  superficial  internal  and  superficial 
external  fibres,  be  split  up  into  lamellae,  which  extend 
either  horizontally,  obliquely,  or  in  an  arched  manner 
through  the  wall  between  its  two  surfaces ;  and  the  surfaces 
of  those  lamellae  are  not  parallel  to  the  wall  of  the  ven- 
tricle, but  are  directed  upwards  and  downwards. 

The  connective  tissue  of  the  heart  is  only  small  in  quan- 
tity between  the  muscular  fasciculi.  At  the  base  of  the 
ventricles  it  is  collected  in  a  ring-like  arrangement  around 
the  auriculo-ventricular  and  arterio-ventricular  openings, 
and  forms  the  auriculo-ventricular  and  arterial  fibrous 
rings.  These  rings  are  in  part  composed  of  a  tissue 
resembling  white  fibro- cartilage  and  in  part  of  elastic  fibres. 
In  some  animals,  as  the  ruminants,  a  bone,  the  os  cordis,  is 
developed  in  the  interval  between  the  aortic  and  auriculo- 
ventricular  openings.  The  rings  give  origin  to  some  of  the 
muscular  fibres  of  the  ventricles  and  auricles,  and  send 
bundles  of  fibrous  tissue  into  the  auriculo-ventricular  and 
aortic  valves,  whilst  the  arterial  rings  are  prolonged  into 
the  middle  coats  of  the  aorta  and  pulmonary  artery.  Owing 
to  the  close  relation  between  the  base  of  the  anterior  cusp 
of  the  mitral  orifice  and  the  aortic  orifice,  the  fibrous  rings 
of  these  two  openings  become  blended  together. 

The  endocardium  consists  of  connective  tissue  and  elastic 
fibres,  with  a  layer  of  endothelium  on  the  free  surface ; 
and  Schweigger-Seidel  has  also  described  smooth  muscular 
fibres  in  it.  Hence,  as  Luschka  has  stated,  the  endocardium 
represents  not  merely  the  inner  coat  of  the  blood-vessels 
but  all  the  structures  of  the  vascular  wall.    Purkinje  de- 
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scribed  fibres  beneath  the  endocardium,  which  are  now 
reo-arded  as  imperfectly  formed  striated  muscular  fibres. 
The  valves  are  folds  of  the  endocardium,  enclosing  fibres 
continuous  with  those  in  the  fibrous  rings ;  the  cuspidate 
auriculo-ventricular  valves  receive  fibres  from  the  chordss 
tendinese,  and  muscular  fibres,  continuous  with  those  of  the 
auricles,  are  prolonged  for  a  short  distance  into  the  cusps. 
The  semilunar  and  cuspidate  valves  are  vascular;  fine 
arteries,  derived  from  the  coronary,  pass  between  the  two 
layers  of  each  valve,  and  terminate  in  a  capillary  plexus. 

The  heart  is  well  supplied  with  blood,  not  by  the  blood 
which  flows  through  its  cavities,  but  by  two  special  coro- 
nary arteries  which  ramify  in  its  walls,  and  end  in  nume- 
rous capillaries  lying  between  the  fibres.  From  these 
capillaries  the  coronary  veins  arise,  which  join  to  form  the 
coronary  venous  sinus.  Lymphatic  vessels  occur  both  in 
the  endocardium  and  pericardium,  and  apparently  ramify 
in  the  muscular  wall.  The  nerves  of  the  heart  have  been 
dissected  especially  by  Scarpa,  Eemak,  Lee,  and  Pettigrew, 
and  numerous  small  ganglia  described  in  connection  with 
them  (p.  317). 

The  blood  flows  from  the  capillary  networks  along  the 
great  veins  into  the  auricles  ;  the  systemic  veins  convey  it 
into  the  right  auricle,  the  pulmonary  veins  into  the  left. 
The  blood  is  then  propelled  by  the  contraction  of  the 
muscular  walls  of  the  auricles  through  the  auriculo-ventri- 
cular openings,  the  valves  of  which  open  outwards,  into  the 
ventricles.  When  the  ventricles  are  distended,  their  mus- 
cular walls  contract  and  force  the  blood  into  the  arteries — 
the  right  ventricle  into  the  pulmonary  artery,  the  left  into 
the  aorta — the  valves  at  the  mouth  of  each  artery  opening 
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Fig  118.-DiaCTam  of  Blood-vasctdar  system.  A  A,  aorta;  P,  Pulmonary  arterial 
trank-  PV  left  pulmonary  vein;  SV,  superior  cava ;  IV.  inferior  cava;  PC, 
pXona^cap  llSrSC,  systemic  capillaries;  RA  and  RV.riRht  auricle  and 
wnTrlde  or  pulmonic  heart ;  LA  and  LV,  left  auricle  and  ventricle  or  systenuo 
heart ;  H,  hepatic  vein  in  the  liver ;  AL,  alimentary  canal ;  VP,  portal  vem ;  L 
lung. 
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outwards  to  allow  of  the  free  passage  of  the  fluid.  To 
prevent,  during  the  ventricular  contraction,  the  regurgita- 
tion of  blood  into  the  auricles,  the  auriculo-ventricular 
valves  are  floated  away  from  the  sides  of  the  ventricle 
across  their  respective  openings,  and  by  the  apposition 
and  slight  overlapping  of  their  edges  temporarily  close 
the  opening.  The  tilting  upwards  of  the  valves  into  the 
auricle  is  prevented  by  the  contraction  of  the  musculi 
papiUares  and  their  connection  vdth  the  cusps  of  the 
valve  through  the  chordae  tendinese.  Pettigrew  has  shown 
that  casts  of  the  ventricular  cavities,  more  especially  of 
the  left,  have  the  form  of  a  double  cone,  spirally  twisted 
from  right  to  left,  and  has  described  the  blood  as 
forced  in  spiral  streams  against  the  under  surface  of  the 
segments  of  the  valve,  which  are  twisted  and  wedged  into 
each  other  so  as  to  prevent  regurgitation.  The  propulsion 
of  the  blood  into  the  arteries  distends  the  elastic  wall  of 
those  tubes;  but  when  the  ventricular  contraction  has 
ceased,  the  elastic  wall  recoils,  and  the  blood  is  propelled 
onwards  into  the  capillaries  in  the  course  of  the  circulation. 
The  regurgitation  of  the  blood  from  the  arteries  into  the 
ventricles  is  prevented  by  the  closure  of  the  semilunar 
valves,  the  segments  of  which  are  thrown  across  the  arterial 
orifices  through  the  pressure  exercised  by  the  elastic  re- 
bound of  the  arterial  walls  on  the  column  of  the  blood  in 
the  lumen  of  the  artery  and  in  the  sinuses  of  Valsalva. 

If  we  commence,  therefore,  at  the  pulmonary  capillary 
system,  where  the  blood  becomes  pure  or  arterial,  we  find 
that  it  flows,  as  arterial  blood,  successively  into  the  pul- 
monary veins,  left  auricle,  left  ventricle,  aortic  system  of 
arteries,  and  systemic  capillaries.    In  the  systemic  capil- 
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laries  it  becomes  venous  blood,  and  in  that  condition  flows 
into  the  systemic  veins,  right  auricle,  right  ventricle,  pul- 
monary system  of  arteries,  and  pulmonary  capillaries. 

THE  ABTEKIES. 

These  vessels  were  named  arteries  by  the  older  anato- 
mists, on  the  supposition,  now  known  to  be  erroneous,  that 
they  contained  air.  The  term  artery  is  now  employed  to 
express  a  blood-vessel,  which,  arising  either  directly  or 
indirectly  from  the  heart,  conveys  blood  away  from  that 
organ  into  a  network  of  capillaries.  Arteries  divide  and 
subdivide  into  smaller  vessels  in  their  course,  and  to  the 
individual  branches  descriptive  names  are  applied.  Some 
of  these  names  express  the  position  of  an  artery,  as  sub- 
clavian, axillary ;  others,  the  organ  in  which  it  is  distri- 
buted, as  pulmonary,  hepatic ;  others  a  peculiarity  in  its 
course,  as  circumflex,  coronary.  The  branches  of  arteries 
may  be  either  collateral  or  terminal.  The  collateral 
branches  arise  from  the  sides  of  the  parent  artery  either 
at  an  acute,  a  right,  or  an  obtuse  angle.  Terminal 
branches  arise  at  an  acute  angle  by  the  bifurcation  of  the 
parent  artery,  which  is  the  most  common  form,  or  by  the 
breaking  up  of  the  artery  into  a  cluster  of  branches.  An 
artery  does  not  diminish  in  calibre  from  the  origin  of  one 
branch  to  the  origin  of  the  next  succeeding  branch.  The 
calibre  of  each  branch  is  less  than  that  of  the  stem  from 
which  it  arises,  but  the  sum  of  the  calibre  of  the  different 
branches  is  greater  than  that  of  the  stem  from  which  they 
spring. 

Branches  which  arise  either  from  the  same  artery  or 
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from  different  arteries  may  be  distributed  in  a  common 
locality,  may  there  unite  together,  and  form  what  is  called 
an  inosculation  or  anastomosis,  so  that  the  blood  from  one 
artery  may  thus  flow  from  it  into  another.  The  inoscula- 
tions of  the  branches  of  the  same  or  of  adjacent  arteries 
are  of  great  importance  with  reference  to  the  mode  in 
which  a  part  receives  its  supply  of  blood  when  the  main 
artery  is  obstructed,  for  through  these  anastomoses  secon- 
dary channels  are  provided  along  which  the  blood  may 
flow  to  a  part.  The  most  common  anastomosis  is  by  the 
formation  of  loops  between  adjacent  branches;  but  some- 
times, as  when  the  two  vertebral  arteries  join  to  form  the 
basilar,  a  convergence  of  two  almost  straight  arteries  takes 
place;  and  in  other  cases,  as  where  the  two  anterior  cere- 
bral arteries  are  joined  together  by  the  anterior  com- 
municating, a  connecting  branch  passes  transversely  across 
the  mesial  plane.  A  more  complex  form  of  anastomosis 
is  when  an  artery  (and  a  similar  arrangement  is  some- 
times found  in  veins)  rapidly  subdivides  into  numerous 
branches,  which  may  again  join  to  form  a  trunk  either 
with  or  without  the  formation  of  a  plexus.  This  is  called  a 
rete  mirabile,  an  arrangement  not  uncommon  in  the  cetacea, 
and  also  found  in  the  internal  carotid  arteries  of  rumi- 
nauts,  in  the  mesenteric  arteries  of  the  pig,  in  the  arteries 
of  the  limbs  of  the  sloths  and  lemurs,  in  the  caudal  arteries 
of  the  armadillo,  and  in  the  arterial  system  of  fishes  The 
only  examples  of  a  rete  in  the  human  body  are  the  glo- 
meruli, or  convoluted  Malpighian  tufts  of  the  kidney,  and, 
the  arterial  distribution  in  the  coccygeal  and  intercarotic 
bodies. 
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PULMONABY  GROUP  OF  ARTERIES, 

The  pulmonary  group  of  arteries  consists  of  the  trunk 
of  the  pulmonary  artery  and  of  its  branches.  (Fig.  116, 
f.  11,  15.) 

The  TEUNK  of  the  PULMONARY  ARTERY  arises 
from  the  conus  arteriosus  of  the  right  ventricle.  It  is 
about  two  inches  long,  and  passes  upwards,  backwards, 
and  to  the  left  as  high  as  the  level  of  the  second  left 
costal  cartilage,  when  it  divides  into  the  right  and  left 
pulmonary  branches.  In  its  course  it  lies  at  first  in  front 
of  the  origin  of  the  aorta,  and  then  passes  to  the  left  of 
the  ascending  part  of  the  aortic  arch,  to  bifurcate  into  its 
two  terminal  branches  immediately  below  the  transverse 
part  of  the  arch.  It  is  attached  to  the  aorta  by  areolar 
tissue,  and  the  two  are  invested  by  a  common  envelope  of 
the  serous  layer  of  the  pericardium. 

The  Right  Pulmonary  artery  passes  to  the  right 
almost  transversely  behind  the  ascending  aorta  and  the 
superior  vena  cava  to  the  root  of  the  right  lung,  where  it  lies 
between  the  right  pulmonary  vein  and  the  bronchial  tube. 

The  Left  Pulmonary  artery  is  shorter  than  the  right. 
It  runs  in  front  of  the  descending  aorta  to  the  root  of  the 
left  lung,  where  it  lies  above  the  bronchus  and  pulmonary 
vein.  A  fibrous  cord,  the  remains  of  the  ductus  arte- 
riosus, is  attached  on  the  one  hand  to  the  left  pulmonary 
artery  close  to  its  origin,  and  on  the  other  to  the  lower 
surface  of  the  transverse  part  of  the  aortic  arch.  In  the 
foetus  the  ductus  arteriosus  is  a  short  wide  vessel,  which 
conveys  blood  directly  from  the  pvdmonary  artery  into  the 
aoi-ta.   After  the  bii-th  of  the  child  it  is  no  longer  required, 
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and  shrivels  up  into  a  fibrous  cord.  The  distribution  of 
the  pulmonary  arteries  in  the  lungs  will  be  afterwards  de- 
scribed. 

AOBTIC  OK  SYSTEMIC  GROUP  OF  AETEEIES. 

This  group  consists  of  the  aorta  and  of  the  branches, 
which  arise  either  directly  or  indirectly  from  it. 

The  AORTA  is  the  great  systemic  arterial  trunk,  and  lies 
in  the  cavities  of  the  thorax  and  abdomen.    It  arises  from 
the  base  of  the  left  ventricle  of  the  heart,  and  forms  above 
the  root  of  the  left  lung  an  arch,  the  arch  of  the  aorta;  it 
then  descends  in  close  relation  to  the  thoracic  spine,  as  the 
descending  thoracic  aorta  ;  it  next  passes  through  the  aortic 
opening  in  the  diaphragm,  enters  the  cavity  of  the  abdomen, 
and  becomes  the  abdominal  aorta.     In  the  abdomen  it 
descends  in  front  of  the  bodies  of  the  lumbar  vertebrae  as 
low  as  the  fourth,  where  it  is  usually  described  as  dividing 
into  the  two  terminal  branches,  the  common  iliac  arteries. 
At  the  angle  of  bifurcation,  however,,  a  long  slender  artery, 
called  the  middle  sacral,  is  prolonged  downwards  in  front 
of  the  sacrum  to  the  end  of  the  coccyx.    In  animals  with 
long  tails  this  artery  can  be  recognised  as  a  direct  con- 
tinuation of  the  aorta,  prolonging  it  downwards  in  front  of 
the  caudal  vertebra,  whilst  the  iliacs  are  seen  to  be  colla. 
teral  branches ;  but  in  man,  where  the  coccyx  is  rudimen- 
tary, and  the  lower  limbs  largely  developed,  the  iliac  arte- 
ries, which  supply  those  limbs,  are  so  big  as  to  obscure  the 
true  signification  of  the  middle  sacral  artery,  and  appear 
themselves  to  be  the  terminal  branches  of  the  aorta. 

The  Arch  of  the  Aorta  springs  from  the  base  of  the  left 
ventricle  on  a  level  with  the  third  pair  of  intercostal  spaces 
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ia  front,  and  the  sixth  dorsal  vertebra  behind.  It  passes 
behind  the  sternum  obliquely  upwards  and  to  the  right,  as 
the  ascending  aorta,  or  ascending  part  of  the  arch,  to  the 
level  of  the  second  right  costal  cartilage.  It  then  changes 
its  direction,  and  passes  from  right  to  left  and  from  before 
backwards  as  the  transverse  part  of  the  arch  of  the  aorta. 
It  is  often  stated  that  the  transverse  part  of  the  arch 
reaches  the  left  side  of  the  spine  on  a  level  with  and  close 
to  the  left  of  the  body  of  the  second  dorsal  vertebra,  but 
John  Wood  has  pointed  out  that  it  approaches  the  spine 
at  the  lower  border  of  the  left  side  of  the  body  of  the 
fourth  dorsal  vertebra,  and  first  touches  the  spine  at  the 
disc  between  the  fourth  and  fifth  dorsal  vertebrae.  Here 
it  again  changes  its  dii'ection  and  runs  vertically  down- 
wards, as  the  descendin-g  part  of  the  arch,  in  close  contact 
with  the  left  side  of  the  body  of  the  fifth  dorsal  vertebra 
as  far  as  its  lower  border,  when  it  becomes  the  descending 
thoracic  aorta. 

The  ascending  aorta  is  enclosed  within  the  bag  of  the 
pericardium,  and  has  at  its  origin  the  three  semilunar 
valves  with  the  sinuses  of  Valsalva.  The  pulmonary 
arterial  trunk  is  at  first  in  front  of  and  then  to  its  left 
side ;  the  right  auricular  appendage  and  superior  cava  are 
to  its  right  side,  and  the  structures  going  to  the  root  of 
the  right  lung  lie  behind  it. 

The  transverse  part  of  the  arch  lies  behind  the  sternum, 
left  pleura,  and  left  lung,  and  is  crossed  by  the  left  phrenic, 
pneumogastric,  and  superficial  cardiac  nerves.  It  is  placed 
in  front  of  the  trachea,  oesophagus,  and  thoracic  duct,  and 
the  left  recurrent  laryngeal  nerve  hooks  round  its  lower 
surface  and  behind  it.    Its  lower  surface  is  in  relation  to 
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Fig.  119. — The  Aorta  in  its  relations  to  the 
spine: — ^A,  ascending  part  of  arch  of 
aorta;  DA,  descending  thoracic  aorta; 
AA,  ahdominal  aorta;  M,  middle  sacral 
artery;  S  S,  subclavian  arteries;  C,  is 
placed  on  the  2nd  dorsal  vertebra 
between  the  two  carotid  arteries;  I, 
common  Uiac  artery ;  EI,  external  Uiac ; 
II,  internal  iliac  artery;  c,  coronary 
artery ;  d,  obliterated  ductus  arteriosus ; 
6,  bronchial  artery;  oe,  oesophageal 
artery;  ai,  series  of  aortic  Intercostal 
arteries;  I,  series  of  lumbar  arteries; 
p,  between  the  two  phrenic  arteries; 
ax,  points  to  the  coeliac  axis ;  points 
to  the  two  renal  arteries,  immediately 
above  which  are  the  small  capsular 
arteries.  Between  the  two  renals  is  the 
superior  mesenteric,  sm;  s,  is  placed 
between  the  two  spermatic  arteries;  im, 
inferior  mesenteric  artery. 
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the  pulmonary  artery  at  its  bifurcation,  and  has  connected 
to  it  the  obliterated  ductus  arteriosus.  Its  upper  surface 
gives  origin  to  the  three  arteries  for  the  head,  neck,  and 
upper  limbs,  and  is  in  relation  to  the  left  brachio-cephalic 
vein. 

The  descending  part  of  the  arch  is  covered  by  the  left 
pleura  and  overlapped  by  the  left  lung,  whilst  the  oeso- 
phagus and  thoracic  duct  are  to  its  right  side.  The  root 
of  the  left  lung  lies  in  the  concavity  of  the  arch  of  the 
aorta. 

The  Descending  Thoracic  Aorta  is  continuous  with 
the  descending  part  of  the  arch.  It  extends  from  the  lower 
border  of  the  left  side  of  the  body  of  the  fifth  dorsal  ver- 
tebra, as  far  as  the  front  of  the  body  of  the  last  dorsal 
vertebra,  where  it  passes  through  the  opening  between  the 
pillars  of  the  diaphragm  and  becomes  the  abdominal  aorta. 
It  is  in  contact  with  and  foUows  the  curvature  of  the 
thoracic  spine,  and  inclines  from  its  left  side  to  its  anterior 
surface.  It  lies  in  the  posterior  mediastinal  division  of 
the  interpleural  space,  and  is  partially  covered  by  the  left 
pleura.  The  left  lung  and  pericardium  are  anterior  to  it. 
The  oesophagus  is  at  first  to  its  right  side,  but  crosses  in 
front,  so  as  to  lie,  immediately  above  the  diaphragm,  to  its 
left  side.  The  thoracic  duct  and  greater  azygos  vein  are  to 
its  right  side,  but  the  smaller  azygos  vein  passes  behind  it. 

The  ABDOMiNAii  Aorta  is  directly  continuous  with  the 
descending  thoracic  aorta.  It  extends  from  the  front  of 
the  last  dorsal  vertebra  as  far  as  the  body  of  the  fourth 
lumbar,  where  it  bifurcates  into  the  two  common  iliac 
arteries,  a  little  to  the  left  of  the  mesial  plane.  It  lies  on 
the  bodies  of  the  upper  four  lumbar  vertebrae  and  discs,  and 
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is  separated  from  the  anterior  abdominal  wall  by  the 
stomach,  pancreas,  trainsverse  colon,  transverse  part  of 
duodenum,  mesentery,  and  coUs  of  small  intestine  :  the 
splenic  artery,  and  the  splenic  and  left  renal  veins  are  also 
in  relation  to  its  anterior  surface.  It  is  to  a  great  extent 
surrounded  by  the  aortic  nervous  plexus  of  the  sympathetic. 
The  inferior  vena  cava,  greater  azygos  vein,  and  thoracic 
duct  are  in  contact  with  its  right  side.  Lymphatics,  veins 
and  glands  lie  on  the  spinal  column  in  close  relation  to  it. 

The  aorta  gives  direct  origin  to  numerous  branches,  which 
may  be  arranged  in  four  groups.' — 1st,  Branches  for  the 
supply  of  the  viscera  of  the  thorax  and  abdomen  proper ; 
2d,  branches  iot  the  walls  of  the  thorax,  abdomen,  and 
pelvis  ;  3d,  branches  for  the  head,  neck,  and  upper  limbs  ; 
4th,  branches  for  the  lower  limbs,  pelvic  walls  and 
viscera. 

FIRST  GROUP. — VISCERAL  BEANCHES  OP  THE  AOBTA. 

The  branches  of  the  aorta  which  supply  the  viscera  may 
be  arranged  in  two  groups, — those  which  pass  to  the 
thoracic  viscera,  and  those  which  pass  to  the  viscera  of  the 
abdomen  j)roper. 

'  The  branches  of  the  aorta  which  supply  the  Viscera  of 
the  Thorax  are  the  coronary,  the  oesophageal,  the  bronchial, 
and  the  pericardial  arteries. 

The  Coronary  arteries,  two  in  number,  are  the  first 
branches  of  the  arch  of  the  aorta,  and  arise,  opposite  the 
nght  and  left  antero-lateral  segments  of  the  semilunar 
valve,  from  the  wall  of  the  aorta,  where  it  dilates  into  the 
sinuses  of  Valsalva.    The  right  coronary  artery  runs  in 
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the  auriculo-ventricular  groove  to  the  right  border  and 
posterior  surface  of  the  heart,  and  gives  off  branches  to 
the  right  auricle  and  ventricle.  A  long  branch  descends  in 
the  posterior  ventricular  groove  to  supply  the  ventricles. 
The  left  coronary  artery  runs  behind  the  pulmonary  artery 
to  the  auriculo-ventricular  groove,  and  then  round  the  left 
border  of  the  heart  to  its  posterior  surface.  It  supplies 
the  left  auricle  and  ventricle,  and  sends  a  long  branch  to 
the  apex  of  the  heart  in  the  anterior  ventricular  groove. 
According  to  some  observers,  the  mouths  of  the  coronary 
arteries  are  covered  by  the  opening  outwards  of  the  aortic 
valves  during  the  ventricular  contraction;  whilst  the  elastic 
recoil  of  the  aorta  following  that  contraction  would,  it  is 
said,  not  only  close  the  aortic  orifice,  but  drive  the  blood 
into  the  coronary  arteries.  As  these  arteries  break  up  into 
branches  in  the  muscular  walls  of  the  heart,  a  sudden 
turgescence  of  its  walls  would,  according  to  Briicke  and 
A,  H.  Garrod,  result  from  the  filling  of  these  vessels,  and 
be  the  cause  of  the  dilatation  of  the  ventricular  cavities. 
Hyrtl  and  Ceradini  have,  however,  raised  important  objec- 
tions to  this  theory ;  they  more  especiaUy  urge  that  the 
valves  do  not  close  the  orifices  of  the  coronary  arteries 
during  the  ventricular  contraction,  and  that  the  capacity 
of  the  ventricles  is  diminished  and  not  increased  by  the 
filling  of  these  arteries. 

The  Bbonchial  arteries  are  two  in  number.  They  may 
arise  from  the  descending  thoracic  aorta,  either  by  a  com- 
mon trunk,  or  independently;  or  the  right  bronchial  may 
spring  from  the  first  aortic  intercostal  artery  :  one  artery 
accompanies  each  bronchial  tube,  branches  along  with  it, 
and  suppUes  the  tissues  of  the  lung. 
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The  CEsoPHAGEAL  arteries,  four  or  five  in  number,  arise 
from  the  descending  thoracic  aorta,  and  supply  the  coats 
of  the  oesophagus. 

The  Pericaedial  branches  are  very  small  arteries,  which 
arise  either  from  the  descending  thoracic  aorta  or  the  oeso- 
phageal arteries,  and  supply  the  back  of  the  bag  of  the 
pericardium,  and  the  lymphatic  glands  and  loose  tissue  of 
the  posterior  mediastinum. 

The  branches  of  the  aorta  which  supply  the  Viscera  of 
the  Abdomen  proper  arise  either  singly  or  in  pairs.  The 
single  arteries  are  the  ccsliac  axis,  the  superior  mesenteric, 
and  the  inferior  mesenteric,  which  arise  from  the  front  of 
the  abdominal  aorta ;  the  pairs  are  the  two  capsular,  the 
two  renal,  and  the  two  spermatic  or  ovarian,  which  arise 
from  its  sides.  The  single  arteries  supply  viscera,  which 
are  either  completely  or  almost  completely  invested  by  the 
peritoneum,  and  the  veins  corresponding  to  them  are  the 
roots  of  the  vena  portfe.  The  pairs  of  arteries  supply 
viscera  developed  behind  the  peritoneum,  and  the  veins 
corresponding  to  them  are  rootlets  of  the  inferior  vena  cava. 

The  CcELiAC  Axis  is  the  first  visceral  branch  of  the 
abdominal  aorta.  It  arises  from  the  front  of  that  vessel 
between  the  two  pUlars  of  the  diaphragm,  above  the 
pancreas,  and  is  surrounded  by  the  solar  plexus  of  the 
sympathetic.  It  is  a  thick,  short  artery,  which  almost 
immediately  divides  into  the  coronary,  hepatic,  and  splenic 
branches. 

The  Coronaria  veniriculi  artery  is  the  smaUest  branch, 
and  passes  upwards  and  to  the  left  to  the  cardiac  orifice  of 
the  stomach,  where  it  subdivides  into  an  cesopluxgeal  branch 
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for  the  lower  end  of  the  oesophagus,  and  a  gastric  branch 
for  the  coats  of  the  stomach.  The  gastric  branch  runs 
along  the  lesser  curvature,  and  supplies  the  anterior  and 
posterior  walls  of  the  stomach. 

The  Hejiolic  artery  passes  upwards  and  to  the  left 
between  the  two  layers  of  the  gastro-hepatic  omentum  to 


Pig.  120. — The  Coeliac  Axis  and  the  chief  Viscera  supplied  by  its 

■branches. 


duct  •  \%  common  bile  duct ;  13,  round  Ugament ;  a.  left  lobe  of  liver ;  6.  lobulus 
Quadratils:  c,  right  lobe;  d,  gall  bladder;  e,  Spigelian  lobe;  /,  cardiac  onflce  of 
stomach;  stomach;  /(,  pylorus;  i,  duodenum;  i,  ascendmg  colon;  I,  great 
omentum ;  m,  spleen. 

the  transverse  fissure  of  the  liver,  where  it  terminates,  by 
dividing  into  two  branches — the  one  for  the  right,  the 
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other  for  the  left  lobe  of  the  liver.  In  its  course  it  gives 
off  a,  the  pyloric  branch,  which  passes  to  the  pyloric  end  of 
the  lesser  curvature  of  the  stomach  :  6,  the  gastro-duodenal 
branch  which  descends  behind  the  duodenum,  when  it 
divides  into  a  superior  pancreatico-duodenal,  which  sup- 
plies the  pancreas  and  duodenum,  and  a  right  gastro-epiploic 
branch,  which  runs  along  the  greater  curvature  of  the 
stomach  to  supply  branches  to  its  anterior  and  posterior 
walls,  and  to  the  omentum  :  c,  the  cystic  branch  which 
supplies  the  coats  of  the  gaU  bladder :  d,  the  terminal 
right  and  left  hepatic  branches,  which  supply  the  tissues  of 
the  liver. 

The  Splenic  artery  is  the  largest  branch  of  the  coeliac 
axis.  It  passes  to  the  left  behind  the  stomach,  and  is 
lodged  in  a  groove  on  the  upper  border  of  the  posterior 
surface  of  the  pancreas.  It  gives  off  a,  pancreatic  branches 
to  supply  the  pancreas  ;  h,  vasa  brevia,  which  pass  to 
the  fundus  of  the  stomach  :  c,  the  left  gastro-ep>iploic 
artery,  which  runs  along  the  greater  curvature  of  the 
stomach,  and  supplies  its  anterior  and  posterior  walls  and 
the  omentum :  d,  the  terminal  splenic  branches,  which 
enter  the  spleen  at  the  hUus. 

The  SuPEEiOB  Mesenteric  artery  arises  from  the 
aorta  a  little  below  the  coeliac  axis.  It  lies  at  first  behind 
the  pancreas,  then  crosses  in  front  of  the  duodenum,  and 
descends  between  the  two  layers  of  the  mesentery,  inclin- 
ing towards  the  right  iliac  fossa.  It  gives  off  a,  the  inferior 
pancreatico-duodenal  branch,  which  supplies  the  pancreas 
and  duodenum  :  h,  the  intestinal  branches,  about  twelve  in 
number,  which  arise  from  the  left  aspect  of  the  artery, 
and  descend  in  the  mesentery  to  the  coils  of  the  jejunum 
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and  ileum;  in  their  course  they  bifurcate,  and  the  branches 
of  bifurcation  of  adjacent  arteries  inosculate  to  form  arterial 
arcades,  three  or  four  series  of  which  may  be  found  in  the 
mesentery;  from  the  series  next  the  intestine  branches 
pass  to  the  wall  of  the  bowel :  c,  ileo-colic  branch,  which 
passes  to  the  right  iliac  fossa  to  supply  the  lower  end  of 
the  ileum,  caecum,  and  ascending  colon :  d,  7'ight  colic  branch, 
which  runs  to  the  ascending  colon  to  supply  it :  e,  the 
middle  colic  branch,  which  passes  between  the  layers  of 
the  meso-colon  to  the  transverse  colon  to  supply  it.  AH 
these  colic  arteries  bifurcate,  anastomose,  and  form 
arterial  arcades  after  the  manner  of  the  branches  to  the 
small  intestine. 

The  Infeeioe  Mesenteric  artery  arises  from  the  aorta 
a  short  distance  above  its  bifurcation.  It  lies  behind  the 
peritoneum  covering  the  posterior  wall  of  the  abdomen, 
and  passes  downwards  to  the  left  iliac  fossa,  where  it 
enters  the  meso-rectum,  and  takes  the  name  of  superior 
hcemorrhoidal  artery,  and  supplies  the  coats  of  the  rectum. 
It  gives  oflF  a,  the  left  colic  branch,  which  runs  to  the 
descending  colon  to  supply  it :  h,  sigmoid  branch,  which 
runs  between  the  two  layers  of  the  meso-colon  to  the 
sigmoid  flexure  to  supply  it ;  these  branches  bifurcate, 
anastomose,  and  form  arterial  arcades  as  on  the  right  side. 

The  arteries  which  supply  the  coats  of  the  alimentary 
tube  from  the  oesophagus  to  the  rectum,  anastomose  freely 
with  each  other  in  the  wall  of  the  tube,  or  in  its  mesenteric 
attachment,  and  the  anastomoses  are  usually  by  the  for- 
mation of  arches  or  loops  between  adjacent  branches. 
Thus  the  oesophageal  branches  of  the  aorta  anastomose 
with  each  other  and  with  the  oesophageal  branch  of  the 
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coronary  artery,  which  again  anastomoses  with,  the  gastric 
branch  of  the  same  artery.  This  gastric  branch  anasto- 
moses along  the  lesser  curvature  of  the  stomach  with  the 
pyloric  branch  of  the  hepatic.  Along  the  greater  curva- 
ture the  left  gastro-epiploic  of  the  splenic  anastomoses  with 
the  right  gastro-epiploic  of  the  gastro-duodenal  branch  of 
the  hepatic,  and  in  the  walls  of  the  stomach,  branches  from 
these  arteries  of  the  curvatures  anastomose  with  each 
other  and  with  the  vasa  brevia  of  the  splenic.  Along  the 
curve  of  the  duodenum,  the  superior  pancreatico-duodenal 
of  the  gastro-duodenal  of  the  hepatic  anastomoses  with  the 
inferior  pancreatico-duodenal  of  the  superior  mesenteric. 
The  intestinal  branches  of  the  superior  mesenteric  anasto- 
mose not  only  with  each  other  in  the  series  of  arterial 
arcades  already  described,  but  with  the  inferior  pancreatico- 
duodenal and  ileo-colic  branches  of  the  same  artery.  In 
tbe  large  intestine  the  ileo-colic  anastomoses  with  the  right 
colic,  and  the  right  colic  with  the  middle  colic  branch  of 
the  superior  mesenteric.  The  middle  colic  anastomoses 
with  the  left  colic  of  the  inferior  mesenteric,  the  left  colic 
with  the  sigmoid,  and  the  sigmoid  with  the  superior 
hsemorrhoidal  artery.  The  superior  hsemorrhoidal  anasto- 
moses in  the  coats  of  the  rectum,  near  its  lower  end,  with  the 
middle  hsemorrhoidal  branch  of  the  internal  iliac  and  the 
inferior  hijemorrhoidal  branch  of  the  pudic.  Through  this 
chain  of  anastomoses,  provision  is  made  for  equalizing 
the  distribution  of  blood  to  the  coats  of  the  several  divi- 
sions of  the  alimentary  canal,  and  of  providing  secondary 
channels  for  the  conveyance  of  blood  to  any  division, 
in  the  event  of  the  proper  artery  for  that  part  being  ob- 
structed,— a  point  of  great  importance  in  connection  with 
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the  glandular  or  secreting  function  of  the  alimentary 
mucous  membrane. 

The  Capsular  arteries,  small  in  size,  arise  from  the 
sides  of  the  aorta  above  the  renal  arteries,  and  run  outwards, 
to  end  in  the  supra-renal  capsules. 

The  Kenal  arteries  arise  from  the  sides  of  the  aorta,  and 
pass  outwards,  one  to  each  kidney.  They  send  branches 
to  the  supra-renal  capsule  and  ureter.  In  the  substance  of 
the  kidney  they  give  off  small  perforating  branches,  which 
pierce  the  capsule  of  the  kidney,  and  are  distributed  in  the 
surrounding  fat. 

The  Spermatic  arteries  are  two  long  slender  arteries, 
which  arise  from  the  aorta  close  to  the  renal  arteries.  They 
descend  one  on  each  side,  behind  the  peritoneum,  to  the 
internal  or  deep  abdominal  ring,  where  each  comes  into  re- 
lation with  the  vas  deferens,  and  assists  in  forming  the  sper- 
matic cord, which  passes  into  the  scrotum  to  the  testicle.  The 
corresponding  arteries  in  the  female,  called  the  Ovarian, 
do  not  leave  the  abdomen  ;  they  supply  the  ovaries. 

SECOND  GROUP. — PARIETAL  BRANCHES  OF  THE  AORTA. 

The  branches  of  the  aorta  which  supply  the  walls  of  the 
thorax,  abdomen,  and  pelvis,  are  the  intercostal,  the  lumbar, 
the  phrenic,  and  the  middle  sacral  arteries. 

The  Intercostal  arteries  arise  from  the  back  of  the 
thoracic  aorta,  and  are  usually  ten  pairs.  They  run  along 
the  sides  of  the  vertebral  bodies  as  far  as  the  commence- 
ment of  the  intercostal  spaces,  when  each  divides  into  a 
dorsal  and  a  proper  intercostal  branch ;  the  dorsal  branch 
passes  to  the  back  of  the  thorax  to  supply  the  deep  muscles. 
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of  the  spine,  and  gives  a  spinal  branch  to  the  spinal  cord 
through  the  inter-vertebral  foramen.  The  proper  inter- 
costal branch  runs  outwards  in  the  intercostal  space  close  to 
the  lower  border  of  the  upper  of  the  two  ribs,  and  gives  off 
a  collateral  branch  which  runs 
parallel  to  the  upper  border 
of  the  lower  rib ;  they  supply 
the  intercostal  muscles,  and 
the  lower  pairs  of  intercostals 
also  give  branches  to  the  dia- 
phragm and  wall  of  the  ab- 
domen. 

The  Lumbar  arteries  arise 
from  the  back  of  the  abdo- 
minal aorta,  and  are  usually 
four  pairs.  They  run  along 
the  sides  of  the  lumbar  verte- 
bras, under  cover  of  the  psoas 
muscle,  and  divide  into  a  dor- 
sal branch,  which  supplies  the 
deep  muscles  of  the  back  of  the  loins,  and  an  abdominal 
branch,  which  runs  outwards  behind  the  quadratus  lum- 
borum  muscle  to  supply  the  wall  of  the  abdomen.  From  the 
dorsal  branch,  a  small  spinal  branch  passes  through  the  inter- 
vertebral foramen  into  the  spinal  canal  to  supply  the  nerve 
roots,  membranes,  and  vertebrae.  The  distribution  of  the 
lumbar  and  intercostal  arteries  exhibits  a  transversely- 
segmented  arrangement  of  the  vascular  system  in  the  walls 
of  the  abdomen  and  thorax,  similar  to  the  transversely- 
segmented  arrangement  of  the  bones,  muscles,  and  nerves 
observed  in  these  localities,  especially  in  the  thoracic  region. 


Fig.  121.— Diagram  of  a  pair  of  In- 
tercostal arteries.  Ao,  the  aorta 
transversely  divided,  giving  oS 
at  each  side  an  intercostal  artery; 
PB,  the  posterior  or 'dorsal  branch; 
AB,  the  anterior  or  proper  inter- 
costal bi'anch;  IM,  a  transverse 
section  through  the  intenial  mam- 
mary artery,  the  anterior  inter- 
costal branch  of  which  anasto- 
moses with  the  aortic  intercostal. 
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The  Phrenic  arteries,  two  in  number,  arise  from  the 
aorta  close  to  the  crura  of  the  diaphragm ;  the  right 
phrenic  passes  behind  the  inferior  cava,  the  left  behind 
the  oesophagus,  to  supply  the  diaphragm ;  they  .also  give 
branches  to  the  supra-renal  capsules. 

The  Middle  Sacral  artery,  as  already  stated,  is  rather 
the  continuation  of  the  aorta  downwards  from  the  place  of 
bifurcation  than  a  branch  of  that  vessel.  As  it  runs  down 
the  front  of  the  sacrum  it  gives  transverse  branches  to  the 
sacral  wall  of  the  pelvis. 

In  close  connection  with  the  terminal  twigs  of  the 
middle  sacral  artery  is  a  body,  about  the  size  of  a  small 
pea,  named  by  Luschka  the  coccygeal  gland.  This  body, 
now  more  usually  called  the  coccygeal  body,  is  not  a  gland, 
but,  as  Julius  Arnold  pointed  out,  is  composed  principally 
of  the  dilated  and  tortuous  twigs  of  the  middle  sacral 
artery,  the  middle  or  muscular  coat  of  which  is  greatly 
thickened.  But,  in  addition,  a  laminated  arrangement 
of  cells  is  found  within  the  dilatations.  The  body  is 
invested  by  connective  tissue  in  which  nerve  cells  are 
embedded.  Branches  of  the  ganglion  impar  of  the  sym- 
pathetic pass  to  the  coccygeal  body. 

Important  anastomoses  take  place  in  the  waUs  of  the 
thorax  and  abdomen  between  the  parietal  branches  of  the 
aorta  and  branches  of  other  arteries  which  pass  to  the  parie- 
tes.  If  we  go  from  the  upper  to  the  lower  parts  of  the  walls 
of  the  chest  and  belly,  the  following  arteries  may  be  seen  to 
run  from  behind  forwards,  the  superior  intercostal  branch 
of  the  subclavian  in  the  first  and  second  intercostal  spaces  ; 
the  intercostal  branches  of  the  aorta  in  the  other  intercostal 
spaces ;  the  lumbar  branches  of  the  aorta  in  the  muscular 
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Fio.  122. — Arteries  of  the 
left  wall  of  the  Thorax 
and  Abdomen.  j1,  aorta; 
E,  external  iliac;  /,  in- 
ternal iliac ;  J/,  middle 
sacral  artery ;  S,  subcla- 
vian ;  si,  supeiior  inter- 
costal; dc.  deep  cervi- 
cal; im,  internal  mam- 
mary; p,  its  phrenic; 
pr,  its  perforating;  i, 
its  anterior  intercostal ; 
mp,  its  musculo-phrenic, 
and  se,  its  superior  epi- 
gastric branch;  ai,  aor- 
tic intercostals ;  I,  lum- 
bar arteries;  de,  deep 
epigastric;  i,  its  trans- 
verse branches;  ci,  cir- 
cumflex iliac  artery ;  il, 
ilio-lumbar  artery;  Is, 
lateral  sacral  artery;  c, 
coccygeal  body. 
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wall  of  the  abdomen,  and  the  ilio-lumbar  branch  of  the 
internal  iliac  artery  in  the  iliac  fossa.  These  inosculate 
■with  the  branches  of  three  arteries  which  run  from  before 
backwards  in  the  same  parietes.  Thus  the  internal  mam- 
mary branch  of  the  subclavian  artery  descends  behind  the 
cartilages  of  the  ribs,  and  gives  o£F  the  anterior  inter- 
costal branches,  which  run  outwards  to  join  the  superior 
intercostal  and  aortic  intercostals  in  the  thoracic  wall ; 
also  the  musculo-phrenic  branch  which  inosculates  in  the 
diaphragm  with  the  aortic  intercostals  and  the  phrenic 
branches  of  the  aorta ;  whilst  the  internal  mammary  ter- 
minates in  the  anterior  wall  of  the  abdomen  by  inosculating 
with  the  deep  epigastric  artery.  From  the  external  iliac 
artery  arise  two  branches — the  deep  epigastric  and  deep 
circumflex  iliac.  The  deep  epigastric  ascends  behind  the 
rectus  abdominis,  inosculates  with  the  superior  epigastric 
of  the  internal  mammary,  and  with  the  lower  intercostal 
and  lumbar  branches  of  the  aorta.  The  deep  circumflex 
iliac  runs  outwards  along  the  line  of  the  iliac  crest,  and 
inosculates  with  the  lumbar  arteries  and  the  ilio-lumbar  of 
the  internal  iliac.  In  the  region  of  the  pelvis  the  trans- 
verse branches  of  the  middle  sacral  artery  inosculate  with 
the  lateral  sacral  branches  of  the  internal  iliac. 

The  statement  has  frequently  been  made  that  the  visceral 
and  parietal  branches  of  the  aorta  do  not  anastomose  with 
each  other,  but  injections  which  I  made  some  years  ago 
proved  that,  both  in  the  thoracic  and  abdominal  cavities, 
slender  anastomosing  communications  exist  between  the 
two  sets  of  branches.  In  the  abdominal  cavity  a  wide 
meshed  plexus  of  small  arteries,  which  I  have  named  the 
suh-  or  extra-peritoneal  plexus,  lies  in  the  fat  outside  the 
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peritoneum.  On  the  one  hand,  it  communicates  with  the 
perforating  branches  of  the  renal  arteries  and  with  slender 
branches  of  the  capsular,  spermatic,  colic,  and  pancreatic 
arteries,  and  in  the  region  of  the  diaphragm  with  the 
capsular  branches  of  the  hepatic  artery.  On  the  other 
hand,  it  communicates  with  the  phrenic  arteries,  the  lower 
intercostals,  the  lumbar  branches  of  the  aorta,  and  with 
the  ilio-lumbar,  circumflex  iliac,  and  epigastric  branches  of 
the  iliac  arteries,  which  also  go  to  the  wall  of  the  abdomen. 
In  the  pelvis  also  the  visceral  superior  hsemorrhoidal  artery 
anastomoses  with  the  middle  and  lateral  sacral  arteries. 
The  extra-peritoneal  plexus  supplies  the  gangliated  cord  of 
the  sympathetic  and  the  fat  and  lymphatic  glands  lying 
outside  the  peritoneum,  and  it  also  gives  origin  to  vasa 
vasorum  for  the  coats  of  the  aorta  and  vena  cava.  This 
plexus  may,  when  the  visceral  branches  of  the  aorta  are 
obstructed,  aid  in  an  important  manner  in  carrying  on  the 
circulation.  In  a  subject  examined  by  J.  Chiene,  in  the 
dissecting-room  of  the  University  of  Edinburgh,  where 
the  cceliac  axis  and  the  superior  and  inferior  mesenteric 
arteries  were  obliterated  at  their  origins,  the  blood  flowed 
from  the  parietal  arteries,  into  these  visceral  arteries  and 
the  viscera  they  supplied,  through  a  great  enlargement  of 
the  arteries  of  the  extra-peritoneal  plexus.  In  the  thoracic 
cavity  a  similar  plexus,  which  I  have  named  the  extra- 
pleural plexus,  lies  between  the  pleura  and  pericardium ; 
it  communicates,  on  the  one  hand,  with  the  phrenic  and 
mediastinal  branches  of  the  internal  mammary  arteries, 
and  on  the  other  passes  in  front  of  the  root  of  the  lung  to 
join  the  bronchial  system  of  vessels.  Another  portion  of 
this  plexus  joins,  on  the  one  hand,  the  intercostal  arteries 
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near  the  dorsal  vertebrae,  and  on  the  other  passes  to  the 
lung  behind  its  root. 

THIKD  GEOUP. — BRANCHES  OF  THE  AORTA  FOR  THE  HEAD, 
NECK,  AND  UPPER  LIMBS. 

The  branches  for  the  head,  neck,  and  upper  limbs  arise 
as  three  large  arteries  from  the  upper  surface  of  the  trans- 
verse part  of  the  aortic  arch ;  they  are  named  in  the  order 
in  which  they  arise  from  right  to  left,  arteria  innominata, 
left  common  carotid,  and  left  subclavian. 

The  Arteria  Innominata,  or  Brachiocephalic  artery, 
is  the  largest  branch  of  the  arch  of  the  aorta,  and  springs 
from  the  commencement  of  its  transverse  part.  It  passes 
upwards  and  to  the  right,  to  the  root  of  the  neck,  on  a 
level  with  the  right  sterno-clavicular  articulation,  and  then 
divides  into  the  right  common  carotid  and  the  right  sub- 
clavian artery.  It  lies  in  the  upper  part  of  the  chest 
behind  the  manubrium  sterui  and  in  front  of  the  trachea. 
The  right  brachio-cephalic  vein  and  right  pleura  are  to  its 
right,  the  left  common  carotid  artery  is  to  its  left,  and  the 
left  brachio-cephalic  vein  crosses  between  it  and  the 
sternum.    It  gives  off,  as  a  rule,  no  collateral  branches. 

Siihclavian  System  of  Arteries. 

This  system  consists  of  the  large  artery  of  supply  for 
the  upper  extremity,  and  of  the  branches,  which  arise 
either  directly  or  indirectly  from  it.  This  artery  bears 
different  names  in  its  course.  It  is  called  subclavian,  as  it 
passes  across  the  root  of  the  neck  and  under  the  clavicle  ; 
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when  it  enters  the  armpit,  it  becomes  the  axillary  artery  ; 
by  that  name  it  extends  as  far  as  the  posterior  fold  of  the 
axilla,  when  it  enters  the  upper  arm,  takes  the  name  of 
brachial  or  humeral  artery,  and  courses  as  far  as  the  bend 
of  the  elbow,  where  it  bifurcates  into  the  radial  and  %dnar 
arteries. 

The  SuBcaiiAViAN  artery  arises  on  the  right  side  at  the 
bifurcation  of  the  innominate  artery  ;  but  on  the  left  side 
directly  from  the  arch  of  the  aorta,  being  the  last  of  the 
three  branches  of  the  transverse  part  of  the  arch.  The 
right  subclavian  arches  across  the  root  of  the  neck,  and 
passing  behind  the  clavicle  and  subclavius  muscle,  reaches 
the  outer  border  of  the  first  rib,  where  it  becomes  the 
axillary  artery.  The  left  subclavian  has  to  ascend  through 
the  upper  part  of  the  thorax  into  the  neck,  before  it 
arches  across  the  root  of  the  neck.  In  its  course  each 
subclavian  artery  goes  behind  the  scalenus  anticus  muscle, 
so  that  it  is  customary  to  divide  this  artery  into  three 
parts  ;  a  first  part  internal  to  the  scalenus,  a  second  part 
behind  that  muscle,  a  third  part  to  its  outer  side. 

The  relations  of  the  first  part  of  the  subclavian  are  not 
the  same  on  the  right  and  left  sides,  owing  to  the  differ- 
ence in  origin  of  the  two  vessels.  The  first  part  of  the 
left  subclavian  is  longer  than  that  of  the  right ;  it  is  over- 
lapped by  the  left  pleura  and  lung,  and  is  crossed  by  the 
left  innominate  vein  ;  it  lies  in  front  of  the  oesophagus  and 
thoracic  duct ;  whilst  to  its  right  side  are  the  trachea,  left 
common  carotid  artery,  left  vagus,  and  recurrent  laryngeal 
nerves.  The  first  part  of  the  right  subclavian  is  covered 
by  the  platysma,  sterno-mastoid,  sterno-hyoid  and  sterno- 
thyroid muscles,  and  by  the  cervical  fascia ;  it  is  crossed  by 
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the  vertebral  and  internal  jugular  veins,  tlie  cardiac 
branches  of  the  sympathetic  and  the  right  vagus  nerve. 
The  right  recurrent  laryngeal  nerve  hooks  behind  it.  The 
right  subclavian  vein  lies  below  it,  and  the  right  pleura  is 
below  and  posterior  to  it. 


Fig.  123. — The  KigM  Subclavian  Artery  and  its  Branclies. 

1,  Innominate  artery  ;  2,  common  carotid ;  3,  vertebral  branch  of  subclavian  ; 
4,  thyroid  axis;  5,  inferior  thyroid  branch  ;  6,  transversalis  colli ;  7,  superiicialis 
colli;  8,  posterior  scapular ;  9,  suprascapular;  10,  superior  intercostal;  11,  deep 
cervical;  12,  inieraal  mammaiy;  13,  in  dotted  outline  shows  the  occasional 
origin  of  the  posterior  scapular  from  the  third  part  of  the  subclavian ;  15,  ascend- 
ing cervical  aitery.  a,  1st  rib ;  6,  scalenus  anticus ;  c,  thyi  oid  gland ;  d!,  phrenic 
nerve ;  e,  pneumo-gastric  nei-ve ;  /,  recurrent  laryngeal  nerve. 

The  relations  of  the  second  and  third  parts  of  the  sub- 
clavian arteries  are  the  same  on  both  sides.  The  second 
part  lies  upon  the  scalenus  medius,  and  has  the  scalenus 
anticus,  sterno-mastoid,  cervical  fascia,  and  platysma  super- 
ficial to  it ;  it  is  separated  by  the  scalenus  anticus  from  the 
subclavian  vein  and  phrenic  nerve ;  above  it  are  the  nervous 
cords  of  the  brachial  plexus,  and  below  is  the  pleura. 

The  third  part  of  the  subclavian  artery  lies  partly  in 
the  supra-clavicular  triangle — a  region  bounded  by  the  pos- 
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terior  belly  of  the  omo-hyoid,  the  sterno-mastoid  muscle, 
and  the  clavicle — and  partly  under  cover  of  the  clavicle  and 
subclavius  muscle.  It  is  covered  by  the  skin,  platysma, 
and  cervical  fascia,  and  is  crossed  by  the  external  jugular 
vein,  the  nerve  to  the  subclavius,  and  the  descending  cuta- 
neous branches  of  the  cervical  plexus.  It  rests  on  the 
scalenus  medius  and  the  grooved  upper  surface  of  the  first 
rib.  The  cords  of  the  brachial  plexus  are  above  and  the 
subclavian  vein  below  it.  From  the  subclavian  artery 
branches  arise  in  the  following  order  : — 

a.  Vertehral,  which  arises  from  the  first  part  of  the 
artery.  It  enters  the  foramen  at  the  root  of  the  transverse 
process  of  the  sixth  cervical  vertebra,  ascends  through  the 
corresponding  foramina  in  the  vertebrae  above,  lies  in  a 
groove  on  the  arch  of  the  atlas,  pierces  the  dura  mater,  and 
enters  the  skuU  through  the  foramen  magnum,  where  it 
joins  its  fellow  to  form  the  basilar  artery.  It  is  accompanied 
by  vaso-motor  branches  from  the  inferior  cervical  ganglion 
of  the  sympathetic,  and  by  the  vertebral  vein,  and  in  its 
ascent  through  the  series  of  foramina,  it  lies  in  front  of 
the  cervical  nerves.  It  gives  off  muscular  branches  to  the 
deep  muscles  of  the  neck  :  spinal  branches,  which  enter  the 
intervertebral  foramina  and  pass  to  the  spinal  cord  :  a 
posterior  spinal  branch,  arises  on  a  level  with  the  medulla 
oblongata,  and  descends  on  the  back  of  the  cord  to  anasto- 
mose with  the  spinal  branches  which  enter  the  interverte- 
bral foramina  :  an  anterior  spinal  branch  arises  on  the  same 
level,  descends  in  front  of  the  cord,  anastomoses  with  its 
fellow,  and  forms  the  anterior  median  artery  of  the  cord, 
which  artery  anastomoses  in  its  descent  with  the  spinal 
branches  from  the  vertebral,  inferior  thyroid,  intercostal  and 
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lumbar  arteries,  so  as  to  form  a  long  slender  artery,  situated 
in  front  of  the  cord  in  its  entire  length,  which  supplies  the 
cord  and  the  pia  mater :  meningeal  branches  to  the  dura 
mater  :  an  inferior  cerebellar  branch  to  the  under  surface  of 
the  cerebellum.  The  Basilar  artery,  formed  by  the  junction 
of  the  two  vertebrals,  extends  from  the  lower  to  the  upper 
border  of  the  pons  Varolii;  it  gives  off  collaterally  transverse 
branches  to  the  pons  :  auditory  branches  which  accompany 
the  portio  mollis  to  the  internal  ear :  inferior  cerebellar 
branches  to  the  under  surface  of  the  cerebellum  :  whilst  it 
breaks  up  into  four  terminal  branches,  viz.,  two  su23erior 
cerebellar  to  the  upper  surface  of  the  cerebellum,  and  two 
posterior  cerebral  which  supply  the  convolutions  on  the 
tentorial  aspect  of  the  temporo-sphenoidal  lobes,  those  of 
the  occipital  lobes,  and  the  posterior  convolutions  of  the 
parietal  lobes  of  the  cerebrum  :  x>^i'f orating  branches  pass 
from  the  posterior  cerebral  artery  to  the  locus  perf oratus  pos- 
ticus. The  third  cranial  nerve  on  each  side  appears  between 
the  superior  cerebellar  and  posterior  cerebral  arteries. 

h.  Thyroid  Axis,  a  short  branch,  which  immediately 
divides  into  the  inferior  tlujroid,  the  supra-sca2ndar,  and 
the  transversalis  colli  branches.  The  Inferior  Thyroid 
ascends  on  the  longus  colli  muscle,  and  then  turns  inwards 
behind  the  sheath  of  the  carotid  vessels  and  the  gangliated 
cord  of  the  sympathetic  to  be  distributed  to  the  thyroid 
body ;  it  gives  off  an  ascending  cervical  branch  to  the 
muscles  of  the  neck,  which  also  sends  small  spinal  branches 
to  the  spinal  cord  :  a  laryngeal  branch  which  accompanies 
the  inferior  laryngeal  nerve  to  the  larynx:  oeso2)hageal 
branches  to  the  oesophagus.  The  Supra-scapular  runs  out- 
wards behind  tlie  sterno-mastoid  muscle  and  the  clavicle, 
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reaches  the  upper  border  of  the  scapula,  and  passes  over 
the  supra-scapular  ligament  to  the  dorsum  of  the  scapula, 
where  it  ramifies  in  the  supra  and  infra  spinous  foss^, 
and  supplies  the  muscles  on  the  dorsum  scapulae.  The 
Transversalis  Colli  passes  outwards  behind  the  stern o-mas- 
toid  and  above  the  clavicle  ;  it  then  goes  under  cover  of  the 
trapezius,  and  divides  into  the  sitperjicial  cervical  and  pos- 
terior scapular  branches ;  the  superficial  cervical  ends  in 
the  trapezius  and  levator  scapulae  muscles ;  the  posterior 
scapular  runs  parallel  to  the  posterior  border  of  th.e 
scapula,  supplies  the  muscles  attached  to  that  border,  and 
gives  branches  to  the  dorsal  and  ventral  surfaces  of  the 
scapula.  The  transversalis  colli  artery  varies  in  its 
arrangement  in  different  individuals ;  it  not  unfrequently 
ends  in  the  trapezius,  and  represents  in  its  distribution  the 
superficial  cervical  branch;  in  these  cases  the  posterior 
scapular  branch  arises  directly  from  the  subclavian. 

c.  Internal  Mammarij  arises  from  the  lower  surface  of 
the  first  part  of  the  subclavian,  passes  into  the  thorax 
behind  the  cartilage  of  the  first  rib,  and  descends  behind 
the  internal  intercostal  muscles  and  costal  cartilages  as 
far  as  the  sixth  intercostal  space,  where  it  divides  into  the 
rmisculo-phrenic  and  superior  epigastric  branches.  The 
costal  pleura  lies  immediately  behind  the  upper  part  of 
the  artery,  but  its  lower  part  is  separated  from  the  pleura 
by  the  triangularis  sterni  muscle.  In  its  course  the 
following  branches  arise : — arteria  comes  nervi  plirenici, 
which  accompanies  the  phrenic  nerve  to  the  diaphragm : 
mediastinal  branches  to  the  thymus  gland,  pericardium, 
and  areolar  tissue  of  the  mediastinal  space :  perforating 
branches,  which  pierce  the  internal  intercostal  and  greater 
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pectoral  muscles,  and  supply  the  skin  of  the  front  of  the 
chest ;  the  second  and  third  perforating  arteries  pass  to 
the  mammary  gland  :  anterior  intercostals  run  outwards  in 
the  upper  five  or  six  intercostal  spaces,  and  inosculate  with 
the  aortic  intercostals  :  musmlo-phrenic,  one  of  the  two 
terminal  branches,  runs  outwards  along  the  line  of  origin 
of  the  diaphragm,  and  assists  in  supplying  that  muscle : 
superior  epigastric,  the  other  terminal  branch,  descends  in 
the  waU  of  the  abdomen  in  the  sheath  of  the  rectus,  and 
supplies  that  muscle. 

d.  Stqoerior  Intercostal  arises  from  the  back  of  the 
second  part  of  the  subclavian ;  it  descends  into  the  back  of 
the  cavity  of  the  chest  in  front  of  the  neck  of  the  first  rib, 
and  ends  in  two  branches,  one  for  the  firsts  the  other  for 
the  second  intercostal  space.  Before  it  enters  the  chest  it 
gives  off  the  deep  cervical  artery,  which  passes  backwards 
between  the  transverse  process  of  the  seventh  cervical 
vertebra  and  the  neck  of  the  first  rib,  and  then  ascends 
on  the  back  of  the  neck  between  the  complexus  and  semi- 
spinalis  colli  muscles  to  supply  them.  It  is  equivalent 
to  the  dorsal  branch  of  an  aortic  intercostal,  and  sometimes 
arises  directly  from  the  subclavian. 

The  branches,  which  arise  either  directly  or  indirectly 
from  the  subclavian  artery,  may  be  arranged,  according  to 
their  distribution  to  the  parts  which  they  supply,  in  three 
groups  : — 

1st.  To  neck,  thyroid  gland,  windpipe,  brain,  and  spinal 
cord  :  vertebral,  inferior  thyroid,  ascending  cervical,  super- 
ficial cervical,  deep  cervical  arteries  ; 

2c?.  To  walls  of  trunk:  internal  mammary,  superior 
intercostal  arteries ; 
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2d.  To  scapular  region :  transversalis  colli,  supra- 
scapular arteries. 

The  Axillary  artery  is  the  direct  continuation  of  the 
subclavian ;  it  commences  at  the  outer  border  of  the  first 
rib  and  passes  through  the  axilla,  in  close  relation  to  the 
outer  wall,  as  far  as  the  lower  border  of  the  tendon  of  the 
teres  major  muscle,  where  it  becomes  the  brachial  artery. 
In  this  course  it  lies  in  relation  to  the  inner  aspect  of  the 
head  and  upper  part  of  the  shaft  of  the  humerus.  It  is 
covered,  in  addition  to  the  skin  and  fasciae,  by  the  costo- 
coracoid  membrane,  pectoralis  major  and  minor  muscles, 
but  where  it  lies  on  the  teres  major  it  passes  from  under 
cover  of  the  greater  pectoral.  It  is  in  relation  behind  to 
the  serratus  magnus,  subscapularis,  latissimus  dorsi,  and 
teres  major  muscles.  The  axillary  vein  lies  to  its  inner 
side,  and  it  is  crossed  at  its  upper  end  by  the  cephalic 
vein.  The  axillary  plexus  of  nerves  is  at  first  to  its  outer 
side ;  then  the  plexus  is  disposed  with  one  cord  to  the  outer 
side  of  the  artery,  another  to  the  inner  side,  and  a  third 
behind  it ;  whilst  lower  down  the  branches  arising  from 
these  cords  are  •  so  arranged  about  the  artery  that  the 
median  and  musculo-cutaneous  nerves  are  to  its  outer  side; 
the  idnar,  internal  cutaneous  and  lesser  internal  cutaneous 
are  to  its  inner  side,  and  the  circumflex,  musculo-spiral, 
and  subscapular  are  behind  it. 

The  branches  of  the  axillary  artery  are  as  follows  : — 

a.  Short  Thoracic  arises  above  the  pectoralis  minor,  and 
runs  inwards  to  the  upper  part  of  the  lateral  wall  of  the 
chest. 

h.  Thoracic  Axis  arises  close  to  the  upper  border  of  the 
pectoralis  minor,  and  almost  immediately  divides  into  the 
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Fig,  124. — ^Diacrram  of  the 
Subclavian  System  of  Arte- 
ries of  the  left  upper 
Extremity.  S,  subclavtan 
artery  ;  A,  axillary ;  B, 
brachial;  R,  radial;  U, 
ulnar  artery;  jc,  super- 
flcialis  coUi,  and  ps,  pos- 
terior scapular  branch  of 
the  transversalis  colli  ar- 
tery; s,  suprascapular;  i, 
thoracic  axis;  si,  superior 
thoracic ;  it,  inferior  thora- 
cic ;  ss,  subscapular ;  c, 
anterior  and  posterior  cir- 
cumflex ;  mm,  muscular 
branches  of  brachial;  sp, 
superior  profunda  ;  ip, 
inferior  profunda;  o,  an- 
astomotica;  n,  nutrient 
branch;  rr,  recuiTent  ra-' 
dial;  ru,  recmTcnt  ulnar; 
i,  interosseous;  da,  deep 
palmar  arch;  sa,  super- 
ficial palmar  arch. 
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following  branches ;  acromial  thoracic,  which  passes  out- 
wards to  the  deltoid  and  the  region  of  the  acromion  : 
humeral  thoracic,  which  descends,  at  the  side  of  the 
cephalic  Fein,  between  the  deltoid  and  greater  pectoral 
muscles  to  which  it  gives  branches :  pectoral  thoracic, 
which  supplies  the  two  pectoral  muscles :  clavicular 
thoracic,  which  supplies  the  subclavius  muscle. 

c.  Long  Thoracic,  or  External  Mammary,  runs  parallel  to 
the  lower  border  of  the  lesser  pectoral  muscle  to  the  lateral 
wall  of  the  chest,  and  in  woman  supplies  the  mammary 
gland. 

d.  Alar  Thoracic,  a  short  branch  to  the  fat  and  lym- 
phatic glands  of  the  axilla :  it  sometimes  arises  from  the 
subscapular  or  long  thoracic  arteries. 

e.  Subscapular  arises  opposite  the  lower  border  of  the 
subscapularis,  along  which  it  runs  to  the  inferior  angle  of 
the  scapula  and  lateral  wall  of  the  chest ;  it  supplies  the 
serratus  magnus  and  the  muscles  of  the  posterior  wall  of  the 
axilla  :  it  gives  off  a  large  dorsal  branch,  which  turns  round 
the  axillary  border  of  the  scapula,  in  the  triangular  space 
bounded  by  the  teres  minor,  teres  major,  and  long  head  of 
the  triceps,  which  branch  ramifies  on  the  dorsum  of  the 
scapula  to  supply  the  teres  minor  and  infra-spinatus. 

/.  Anterior  Circumflex,  a  small  branch,  which  runs  out- 
.    wards  in  front  of  the  humerus  to  the  bicipital  groove, 
where  it  sends  a  branch  along  with  the  tendon  of  the  biceps 
to  the  shoulder  joint,  and  terminates  in  the  deltoid  muscle. 

g.  Posterior  Circumflex,  a  large  branch,  which  mnds 
round  the  back  of  the  humerus,  along  with  the  circumflex 
nerve,  in  the  quadrilateral  space  bounded  by  the  teres 
minor,  teres  major,  long  head  of  the  triceps  and  shaft  of 
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the  humerus  :  it  ends  in  the  deltoid  muscle,  for  which  it 
is  the  principal  artery  of  supply. 

The  branches  of  the  axillary  artery  may  be  arranged 
according  to  their  distribution  in  three  groups  :— 

1st.  To  walls  of  thorax :  short  thoracic,  long  thoracic, 
pectoral  thoracic,  terminal  branches  of  subscapular  artery. 

2d.  To  scapulo-humeral  region  :  acromio-thoracic,  clavi- 
cular thoracic,  humeral  thoracic,  anterior  and  posterior 
circumflex,  and  dorsal  branch  of  subscapular  artery. 
3d  To  fat  and  glands  of  axilla  :  alar  thoracic  artery. 
The  branches  to  the  walls  of  the  thorax  anastomose  with 
the  superior  intercostal  of  the  subclavian,  the  aortic  inter- 
costals  and  the  anterior  intercostals  of  the  internal  mam- 
mary.   The  branches  to  the  scapulo-humeral  region  inos- 
culate with  the  posterior  scapular   and  supra-scapular 
branches  of  the  subclavian.    Both  series  of  inosculations 
enlarge,  and  form  secondary  channels  for  the  conveyance  of 
blood  to  the  upper  limb,  when  the  third  part  of  the  sub- 
clavian artery  is  tied. 

The  Brachial  orHuMEEAL  artery  is  the  direct  continuation 
of  the  axillary.  It  commences  at  the  lower  border  of  the 
tendon  of  the  teres  major,  and  passes  down  the  upper  arm 
to  a  Httle  below  the  bend  of  the  elbow,  where  it  divides  into 
two  terminal  branches,  the  radial  and  uhiar  arteries.  In 
this  course  it  lies  at  first  to  the  inner  side  of  the  shaft  of 
the  humerus,  but  lower  down  it  inclines  to  the  front  of 
that  bone.  It  is  covered  by  the  skin  and  fasciiB,  and  at 
the  bend  of  the  elbow  it  is  crossed  by  the  thin  tendon  of 
the  biceps,  which  is  inserted  into  the  fascia  of  the  fore 
arm.  It  is  in  relation  behind  to  the  long  head  of  the 
triceps,  but  is  separated  from  it  by  the  musculo-spiral  nerve. 
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and  superior  profunda  artery,  whilst  lower  down  it  rests  on 
tlie  tendon  of  insertion  of  the  coraco-brachialis,  and  on  the 
brachialis  anticus  muscle.  At  first  the  coraco-brachialis, 
and  then  the  inner  border  of  the  biceps,  are  to  its  outer 
side,  and  in  muscular  arms  it  is  overlapped  by  the  latter 
muscle,  the  inner  border  of  which  forms  a  definite  guide  to 
the  position  of  the  artery.  It  is  accompanied  by  two  venae 
comites ;  and  the  basilic  vein,  separated  by  the  brachial 
aponeurosis,  is  superficial  to  it,  whilst  at  the  bend  of  the 
elbow  the  median  basilic  vein  is  separated  from  it  by  the 
thin  tendon  of  the  biceps.  The  median  nerve  is  at  first 
to  its  outer  side,  then  crosses  over  it,  but  at  and  immediately 
above  the  bend  of  the  elbow  it  is  to  its  inner  side. 

Not  unfrequently  the  brachial  artery  divides  into  the 
radial  and  ulnar  arteries  in  the  upper  arm,  and  the  division 
may  in  some  cases  take  place  as  high  as  the  axilla.  In 
those  instances  in  which  a  supra-condyloid  process  and  fora- 
men are  developed  (p.  41),  the  brachial  artery  and  median 
nerve  are  deflected  from  their  usual  course  to  pass  through 
the  foramen,  though  occasionally  the  foramen  only  transmits 
the  median  nerve. 

The  branches  of  the  brachial  artery  are  as  follows  : — 

a.  Muscular  branches  pass  outwards  from  the  brachial 
artery  to  supply  the  biceps,  coraco-brachialis,  and  brachialis 
anticus  muscles. 

h.  Superior  Frofimda  arises  from  the  upper  portion  of 
the  brachial;  it  winds  downwards,  backwards,  and  out- 
wards, along  with  the  musculo-spiral  nerve  in  the  musculo- 
spiral  groove  of  the  humerus,  passes  between  the  heads 
of  the  triceps,  then  pierces  the  external  inter-muscular 
septum  of  the  upper  arm  to  reach  the  interval  between  the 


446 


ANATOMY. 


brachialis  anticus  and  supinator  longus  muscles,  and  to  end 
at  the  outer  side  of  the  elbow ;  it  is  the  artery  of  supply 
for  the  triceps. 

c.  Inferior  Profunda  arises  opposite  the  coraco-brachialis, 
and  descends  along  with  the  ulnar  nerve  to  the  interval 
between  the  inner  condyle  of  the  humerus  and  the  ole- 
cranon. 

d.  Anastomotic  arises  from  one  to  two  inches  above  the 
elbow,  and  divides  into  two  branches— the  smaller  branch 
descends  on  the  brachialis  anticus  in  front  of  the  elbow  ; 
the  larger  pierces  the  internal  inter-muscular  septum,  and 
reaches  the  interval  between  the  inner  condyle  and  the 
olecranon, 

e.  murient  enters  the  nutrient  canal  in  the  shaft  of  the 
humerus  to  supply  the  medulla  of  the  bone. 

The  branches  of  the  brachial  artery  may  be  arranged 
according  to  their  distribution  in  four  groups  : — 

1st.  To  muscles  alone  :  muscular  branches. 

2d.  To  muscles  and  region  of  elbow :  superior  profunda, 
inferior  profunda,  anastomotic  arteries. 

3d  To  bone  :  nutrient  artery. 

Uli.  Terminal :  radial  and  ulnar  arteries. 

The  Ulnak  artery,  the  larger  of  the  two  terminal 
branches  of  the  brachial  extends  down  the  ulnar  side  of 
the  front  of  the  fore  arm  to  the  wrist,  where  it  crosses  in 
front  of  the  anterior  annular  ligament,  and  reaches  the 
palm  of  the  hand;  it  then  curves  outwards  towards  the 
thumb,  and  anastomoses  with  the  superiicial  volar  and 
radial  index  branches  of  the  radial  artery  to  form  the 
suPEBFiciAL  PALMAB  AETEKiAL  AKCH.  In  the  f Ore  arm  the 
ulnar  artery  passes  at  first  behind  the  pronator  teres,  flexor 
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carpi  radialis,  palmaris  longus,  and  flexor  sublimis  digitorum 
muscles,  and  then  descends,  covered  only  by  the  skin  and 
fasciae,  close  to  the  radial  border  of  the  flexor  carpi  ulnaris, 
as  far  as  the  radial  side  of  the  pisiform  bone,  when  it  passes 
under  cover  of  the  palmaris  brevis  muscle  and  the  palmar 
fascia  and  forms  the  superficial  palmar  arch.  It  rests  when 
in  the  fore  arm  for  a  short  distance  on  the  brachialis  anticus, 
and  then  on  the  flexor  profundus  digitorum ;  at  the  wrist 
it  lies  on  the  anterior  annular  ligament ;  in  the  hand  on  the 
flexor  tendons  of  the  fingers,  and  the  branches  of  the 
median  and  ulnar  nerves.  It  is  accompanied  by  the  deep 
ulnar  veins.  The  median  nerve  is  separated  from  the 
commencement  of  the  artery  by  the  deep  head  of  origin  of 
the  pronator  teres.  About  the  junction  of  the  upper  and 
middle  thirds  of  the  fore  arm  the  ulnar  nerve  comes  into 
relation  with  the  artery,  and  passes  along  with  it  to  the 
hand,  the  nerve  being  close  to  the  inner  side  of  the  artery. 

The  ulnar  artery  in  the  fore  arm  gives  origin  to  the 
following  branches : — 

a.  Anterior  Ulnar  Recurrent  arises  close  to  the  origin  of 
the  ulnar,  and  ascends  in  front  of  the  brachialis  anticus  to 
anastomose  with  the  anastomotic  artery. 

h.  Posterior  Ulnar  Recurrent  arises  close  to  the  anterior, 
and  passes  upwards  and  backwards  to  the  interval  between 
the  inner  condyle  and  olecranon.  It  and  the  anterior 
recurrent  supply  the  muscles  in  front,  and  to  the  inner 
side  of  the  elbow  joint. 

c.  Merosseus  is  the  largest  branch  of  the  ulnar,  and 
arises  high  in  the  fore  arm ;  after  a  course  of  about  an 
mch  It  divides  into  the  anterior  and  posterior  interosseous 
branches.    The  anterior  interosseous  artery  passes  down  the 
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fore  arm,  lying  on  the  interosseous  membrane,  and  between 
the  flexor  longus  pollicis  and  flexor  profundus  digitorum 
muscles,  as  far  as  the  pronator  quadratus  muscle,  when  it 
divides  into  two  terminal  branches — one  to  reach  the  front 
of  the  carpus,  the  other  and  larger  pierces  the  interosseous 
membrane  to  reach  the  back  of  the  carpus.    It  is  accom- 
panied, when  in  front  of  the  interosseous  membrane,  by 
the  anterior  interosseous  branch  of  the  median  nerve.  It 
supplies  muscular  branches  to  the  deep  muscles  of  the 
fore  arm;   a  median  branch,  which  is  occasionally  an 
artery  of  considerable  size,  accompanies  and  supplies 
the  median  nerve,  and  descends  with  it  to  the  palm 
of  the  hand;  nutrient  branches,  to  enter  the  foramina 
in  the  shafts  of  the  radius  and  ulna.     The  posterior 
interosseous  artery  passes  backwards  through  the  interos- 
seous space,  and  between  the  supinator  brevis  and  extensor 
ossis  metacarpi  pollicis  muscles  to  supply  the  muscles 
on  the  back  of  the  fore  arm ;  it  gives  off  the  posterior 
interosseous  recurrent  branch,  which  ascends  under  cover 
of  the  anconeus  to  the  interval  between  the  outer  condyle 
and  the  olecranon. 

d.  Muscular  branches  to  muscles  of  fore  arm. 

e.  Posterior  Ulnar  Carpal,  a  small  and  inconstant 
branch,  arises  opposite  the  wrist,  and  forms  an  arch  with 
the  posterior  radial  carpal  on  the  back  of  the  carpus,  and 
supplies  the  articulations. 

/  Anterior  Ulnar  Carpal,  also  small  and  inconstant,  is 
covered  by  the  flexor  tendons,  and  forms  an  arch  with  the 
anterior  radial  carpal  on  the  front  of  the  carpus,  the  arti- 
culations of  which  it  supplies. 
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The  palmar  portion  of  tlie  ulnar  artery,  or  superficial 
palmar  arch,  gives  origin  to  the  following  branches  : — 


Fia.  125.— Diagram  of  the  Arteries  of  the  Hand. 
R,  ramal  artery;  V,  superficial  volar;  P,  arteria  magna  pollicis;  I,  artery  of 
the  radial  side  of  the  Index;  U,  ulnar;  D,  its  deep  branch;  c,  c,  ulnar  and  radial 
anterior  carpal  brandies;  d,  d,  d,  d,  digital  branches  from  the  superficial  palmar 
arcn ;  t,  i,  t,  interosseous  branches  from  the  deep  arch ;  p,  p,  p.  perforatinK 
branches;  r,»-,  recurrent  branches.  . ^.  .i'.  f  k 

g.  Profunda  or  deep  branch  arises  just  beyond  the  pisi- 
form bone,  and  dips  between  the  flexor  brevis  and  ab- 
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ductor  minimi  digiti  into  the  deep  part  of  the  palm,  where 
it  inosculates  with  the  radial  artery  to  form  the  deep 
palmar  arch ;  it  is  accompanied  by  the  deep  branch  of  the 
ulnar  nerve. 

h.  Recurrent  branches,  small  and  inconstant  in  number, 
run  upwards  towards  the  anterior  annular  ligament. 

i.  Digital  branches,  four  in  number,  arise  from  the  con- 
vexity of  the  arch ;  the  first  runs  down  the  ulnar  border 
of  the  little  finger ;  the  second  runs  to  the  cleft  between 
the  little  and  ring  fingers,  bifurcates,  and  the  branches  of 
bifurcation  supply  the  contiguous  borders  of  those  fingers ; 
the  third  goes  to  the  cleft  between  the  ring  and  middle, 
and  t\Q  fourth  to  the  cleft  between  the  middle  and  index, 
where  they  bifurcate  and  supply  the  contiguous  borders  of 
their  respective  digits.  Opposite  the  middle  of  the  ungual 
phalanx  the  digital  arteries  from  the  two  borders  of  each 
finger  converge,  anastomose  and  form  an  arch  on  the 
palmar  surface  of  the  phalanx,  from  which  small  branches 
arise  to  supply  the  tip  of  the  finger. 

The  superficial  palmar  arch  is  subject  to  variations  in 
its  formation  ;  the  ulnar  may  not  be  joined  by  the  super- 
ficialis  volaj,  or  by  the  index  branch  of  the  radial  artery, 
or  the  ulnar  artery  may  be  relatively  small,  and  the 
branches  of  the  radial  artery  may  take  a  larger  share  in 
the  formation  of  the  arch. 

The  branches  which  arise  either  directly  or  indirectly 
from  the  ulnar  may  be  arranged  according  to  their  distri- 
bution in  six  groups  : — 

.  \st.  To  muscles  of  fore  arm  :  muscular  and  interosseous. 
2d.  To  bones  :  nutrient  artery. 
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'  3d.  To  elbow  joint :  anterior  and  posterior  ulnar  recur- 
rent, posterior  interosseous  recurrent  artery. 

ith.  To  wrist  joint :  anterior  and  posterior  ulnar  carpal. 

5tk  To  muscles  of  hand  :  deep  ulnar  artery. 

Gth.  To  digits  :  the  four  digital  arteries. 

The  Kadial  artery '  extends  down  the  radial  side  of  the 
front  of  the  fore  arm,  turns  round  the  outer  side  of  the 
wrist,  below  the  styloid  process  of  the  radius,  to  the  back 
of  the  hand ;  then  passes  between  the  first  and  second 
metacarpal  bones  to  the  palm,  across  which  it  runs  as  far 
as  the  fourth  metacarpal  bone,  where  it  joins  the  deep 
branch  of  the  ulnar,  and  forms  the  deep  palmar  aeteeial 
AECH.  In  the  fore  arm  the  radial  artery  is  placed  so  near 
the  surface  that  it  is  covered  only  by  the  skin  and  fascias, 
though  in  muscular  arms  the  supinator  longus  overlaps  it. 
It  lies  on  or  over  the  radial  tendon  of  the  biceps,  the 
supinator  brevis,  pronator  teres,  radial  origin  of  the  flexor 
sublimis,  flexor  poUicis  longus,  and  pronator  quadratus 
muscles,  and  on  the  lower  end  of  the  radius.  To  its  outer 
side  is  the  supinator  longus ;  to  its  inner  side  the  pronator 
teres  in  the  upper,  and  the  flexor  carpi  radialis  in  the 
lower  part  of  its  course  ;  as  it  lies  between  the  tendons  of 
the  supinator  longus  and  flexor  carpi  radialis,  its  pulsa- 
tions can  be  readily  felt  in  the  living  body.  It  is  accom- 
panied by  the  deep  radial  veins,  and  the  radial  nerve  is 
close  to  its  outer  side  in  the  middle  third  of  the  fore  arm. 

At  the  wrist  and  back  of  the  hand  the  radial  artery  is 
crossed  by  the  three  extensor  tendons  of  the  thumb,  and 
rests  on  the  external  lateral  ligament  of  the  wrist  and  the 
back  of  the  carpus. 

As  it  enters  the  palm  it  goes  between  the  two  heads  of 
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the  abductor  indicis  muscle,  and,  as  the  deep  palmar  arch 
it  is  covered  by  the  flexor  brevis  poUicis  and  the  flexor 
tendons  of  the  fingers  ;  it  rests  on  the  interossei  muscles 
and  the  metacarpal  bones. 

The  radial  artery  in  the  fore  arm  gives  origin  to  the 
following  branches  : — 

a.  Radial  Recurrent  arises  just  below  the  elbow,  and 
ascends  in  front  of  the  brachialis  anticus  to  the  interval 
between  that  muscle  and  the  supinator  longus. 

b.  Muscular  branches  to  muscles  of  fore  arm. 

c.  Anterior  Radial  Carpal  arises  close  to  the  wrist,  and 
forms  with  the  anterior  ulnar  carpal  an  arch  in  front  of 
the  carpal  joints. 

d.  Superficial  Volar  arises  close  to  the  wrist,  and 
descends  to  the  ball  of  the  thumb,  where  it  supplies  the 
muscles  and  inosculates  with  the  ulnar  artery  to  assist  in 
forming  the  superficial  palmar  arch. 

At  the  wrist  and  back  of  the  hand  arise — 

e.  Posterior  Radial  Carpyal,  which  runs  across  the  back 
of  the  wrist,  and  forms  an  arch  with  the  posterior  ulnar 
carpal ;  from  this  arch  arise  the  dorsal  interosseous  branches 
for  the  third  and  fourth  metacarpal  spaces. 

/.  \st  Dorsal  Interosseous  descends  superficial  to  the 
second  dorsal  interosseous  muscle  as  far  as  the  cleft  between 
the  index  and  middle  fingers. 

g.  Dorsal  branches  for  Thumb,  two  in  number,  descend 
on  the  radial  and  ulnar  borders  of  the  back  of  the  meta- 
carpal bone  of  the  thumb. 

h.  Dorsal  branch  for  Index  descends  on  back  of  meta- 
carpal bone  of  index  finger. 
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In  the  palm  of  the  hand  the  radial  artery  and  the  deep 
arch  which  it  forms  give  origin  to — 


Fig.  126.— Diagram  of  the  Arteries  of  the  Hand. 

th^'  '^5?'?'  artt^  i  y ;  V,  superficial  volar ;  P,  arteria  magna  poUicis ;  I,  artery  of 
ine  radial  sule  ot  the  index  ;  U,  ulnar :  D,  its  deep  branch ;  c,  c,  ulnar  and  radial 
anterior  carpal  branches;  d,  d,  d,  d,  digital  branches  from  the  superficial  palmar 
arcn  ;  t,  I,  I,  interosseous  branches  from  the  deep  ai-ch;  p,  p,  perforating 
branches;  r,  ?•,  recurrent  branches.  .  ^.  ^.  ^.  v  e. 


t.  AHeria  Magna  PoUicis,  which  runs  close  to  the 
metacarpal  bone  of  the  thumb,  and  divides  into  two  digital 
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branches,  one  for  each  of  the  two  borders  of  the  thumb  on 
its  palmar  aspect. 

j.  Arteria  Radialis  Indicis  is  the  digital  branch  for  the 
radial  side  of  the  index  finger.  It  frequently  inosculates 
with  the  ulnar  artery  to  assist  in  forming  the  superficial 
palmar  arch. 

h.  Recurrent  branches  run  to  the  front  of  the  wrist  to  ■ 
supply  the  synovial    membrane  enveloping  the  flexor 
tendons. 

I.  Perforating  branches  pass  between  the  heads  of  the 
three  inner  dorsal  interossei  muscles  to  the  back  of  the  hand. 

m.  Palmar  Interossei,  three  in  number,  descend  on  and 
supply  the  interossei  muscles  in  the  three  inner  metacarpal 
spaces. 

The  branches  which  arise  from  the  riadial  may  be 
arranged  according  to  their  distribution  in  six  groups — 

\st.  To  muscles  of  fore  arm  :  muscular  arteries. 

2d  To  elbow  joint :  radial  recurrent  artery. 

3d  To  wrist  joint :  anterior  and  posterior  radial  carpal 
and  recurrent  of  deep  arch. 

Uh.  To  muscles  of  thumb  :  superficial  volar  artery. 

Mfi.  To  interossei  muscles  :  dorsal  and  palmar  intsr- 
osseous  arteries. 

&th.  To  digits :  arteria  magna  poUicis  and  art.  radialis 
indicis. 

Inosculations  take  place  freely  in  the  upper  limb  be- 
tween the  branches  of  the  diflferent  arteries.  Around  the 
shoulder  the  scapulo-humeral  set  of  branches  of  the  axil- 
lary anastomose  with  each  other,  and  with  the  posterior 
and  suprascapular  branches  of  the  subclavian.  In  the 
upper  arm  anastomoses  take  place  between  the  mus- 
cular branches    of    the  brachial  and  the  circumflex 
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branclies  of  the  axillary.  Around  the  elbow  joint 
the  three  descending  branches  of  the  brachial  artery, 
viz.,  the  superior  profunda,  inferior  profunda  and  anasto- 
motic, inosculate  with  the  four  ascending  or  recurrent 
arteries.  Thus,  at  the  outer  and  anterior  part  of  the  joint, 
the  superior  profunda  anastomoses  with  the  radial  recur- 
rent, and  at  the  outer  and  posterior  the  superior  pro- 
funda with  the  posterior  interosseous  recurrent ;  at  the 
inner  and  anterior  part  the  anastomotic  inosculates  with 
the  anterior  ulnar  recurrent,  and  at  the  inner  and  posterior 
the  anastomotic  and  inferior  profunda  with  the  pos- 
terior ulnar  recurrent.  If  the  brachial  artery  were  tied  or 
occluded  from  any  cause,  these  anastomoses  would  enlarge 
and  convey  the  blood  into  the  arteries  of  the  fore  arm. 

In  the  front  of  the  fore  arm  the  short  muscular  branches 
of  the  radial  and  ulnar  arteries  anastomose  with  each 
other,  ajad  with  the  anterior  interosseous  of  the  ulnar;  and 
on  the  back  of  the  fore  arm,  the  posterior  interosseous 
with  the  perforating  branch  of  the  anterior  interosseous. 
Around  the  wrist  joint  not  only  are  there  the  inosculations 
of  the  carpal  arches,  but  the  anterior  carpal  arch  anastomoses 
with  the  anterior  interosseous  and  the  recurrent  branches 
of  the  deep  palmar  arch ;  and  the  posterior  carpal  arch 
with  the  perforating  branch  of  the  anterior  interosseoas. 
In  the  haud  the  anastomoses  are  numerous  ;  not  only  does 
the  ulnar  artery  itself  join  the  volar  and  index  branches  of 
the  radial  artery  to  form  the  superficial  palmar  arch;  and 
the  radial  artery  itself  join  the  deep  branch  of  the  ulnar 
to  form  the  deep  arch;  but  the  palmar  interosseous 
branches  of  the  deep  arch  anastomose  with  the  digital 
branches  of  the  superficial  arch;  again  the  two  digital 
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arteries  passing  along  tlie  borders  of  each  digit  anastomose 
on  the  palmar  surface  of  the  ungual  phalanx,  and  the  per- 
forating branches  of  the  deep  arch  anastomose  on  the  back 
of  the  hand  with  the  metacarpal  and  posterior  carpal 
arteries.  Owing  to  the  multiplicity  and  freedom  of  the 
inosculations  in  the  hand,  wounds  of  the  arteries  are  apt  to 
occasion  troublesome  haemorrhage.  If  in  the  development 
of  the  arteries  of  the  hand  any  one  of  the  vessels  has  not 
reached  its  ordinary  dimensions,  in  order  to  compensate  for 
its  reduced  size,  one  or  more  of  the  arteries  which  inoscu- 
late with  it  is  more  largely  developed,  so  as  to  convey  to 
the  part  the  amount  of  blood  that  is  required  for  nutrition  ; 
from  this  circumstance  variations  in  the  relative  size  of 
the  arteries  are  not  unfrequently  found  in  the  hand. 


Carotid  System  of  Arteries. 

This  system  is  composed  of  the  arteries  of  supply  for  the 
neck  and  head,  and  consists  of  the  common  carotid  artery, 
of  its  two  branches  of  bifurcation,  the  internal  and  external 
carotids,  and  of  their  several  branches. 

The  Common  Caeotid  artery  varies  in  its  origin  on  the 
two  sides  of  the  body.  On  the  right  side  it  arises  from 
the  arteria  innominata  opposite  the  right  sterno-clavicular 
joint ;  on  the  left  it  arises  from  the  transverse  part  of  the 
arch  of  the  aorta  between  the  arteria  innominata  and  the 
left  subclavian  artery,  but  nearer  to  the  former  than  to  the 
latter.  Both  common  carotids  run  up  the  neck  by  the 
sides  of  the  windpipe,  and  when  they  reach  the  level  of  the 
upper  border  of  the  thyroid  cartilage  they  divide  into  the 
internal  and  external  carotid  arteries. 


COMMON  CAROTID  AETERY. 


457 


The  left  common  carotid  is  longer  than  the  right ;  it  is 
placed  at  first  in  the  upper  part  of  the  thorax,  in  which  it 
ascends  as  far  as  the  left  sterno-clavicular  joint;  it  is 
covered  by  the  manubrium  sterni  and  the  remains  of  the 
thymus  gland,  and  is  crossed  by  the  left  innominate  vein. 
It  lies  at  first  in  front  of  the  trachea,  and  then  in  front  of 
the  oesophagus  and  thoracic  duct. 

In  the  neck  each  common  carotid  artery  is  enclosed 
along  with  the  internal  jugular  vein  and  vagus  nerve  in  a 
sheath,  formed  of  the  cervical  fascia ;  it  is  covered  in  the 
lower  part  of  the  neck  by  the  sterno-thyroid,  sterno-hyoid, 
and  sterno-mastoid  muscles,  cervical  fascia,  platysma,  and 
skin  ;  it  is  crossed  opposite  the  cricoid  cartilage  by  the 
anterior  belly  of  the  omo-hyoid  muscle,  above  which  it  lies 
in  the  anterior  triangular  space,  where  it  is  overlapped  by 
the  inner  border  of  the  sterno-mastoid,  which  forms  a 
definite  guide  to  the  position  of  the  artery,  and  is  covered 
by  the  cervical  fascia,  platysma  and  skin.  It  rests  behind 
on  the  cervical  vertebrse,  the  longus  colli,  and  rectus  anticus 
major  muscles,  and  the  inferior  thyroid  artery  crosses  behind 
its  sheath.  To  the  inner  side  of  the  artery  are  the  trachea, 
larynx,  thyroid  body  and  pharynx,  and  the  thyroid  body 
when  enlarged  overlaps  the  artery.  The  greater  width  of 
the  larynx  than  of  the  trachea  causes  the  two  carotids  to 
be  further  asunder  in  the  upper  than  the  lower  part  of 
their  course.  A  chain  of  lymphatic  glands  lies  in  the  neck 
parallel  to  the  common  carotid,  and  when  enlarged  they 
sometimes  overlap  the  artery.  The  internal  jugular  vein 
descends  close  to  the  outer  side  of  the  artery  in  the  same 
sheath,  whilst  the  superior  thyroid  vein,  which  joins  the 
internal  jugular,  crosses  the  upper  part  of  the  artery,  and 
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the  anterior  jugular  vein,  which,  joins  the  subclavian, 
crosses  its  lower  part.  The  descendens  noni  and  com- 
municantes  noni  nerves  lie  in  front  of  the  carotid  sheath ; 
the  vagus  nerve  is  within  the  sheath,  parallel  to  but  behind 
and  between  the  carotid  artery  and  internal  jugular  vein  ; 
the  cord  of  the  sympathetic  lies  behind  the  sheath, 
between  it  and  the  pre-vertebral  muscles ;  the  recurrent 
laryngeal  branch  of  the  vagus  ascends  to  the  larynx 
obliquely  behind  the  lower  part  of  the  artery. 

From  the  common  carotid  artery  no  collateral  branches 
arise,  but  in  addition  to  the  terminal  internal  and  external 
carotids,  it  gives  off  at  and  near  its  bifurcation  some  fine 
twigs,  which  form  the  intercarutic  ganglion  or  intercarotic 
body.  This  body  is  sometimes  referred  to  the  sympathetic 
nervous  system,  but,  as  Julius  Arnold  has  shown,  it  is 
principally  formed,  like  the  coccygeal  body,  of  tortuous 
and  dilated  arterial  twigs.  The  walls  of  the  dilatations 
are  not  so  thick  as  in  the  coccygeal  body,  the  muscular 
coat  is  said  to  be  absent,  but  the  dilatations  contain  layers 
of  polygonal  cells.  Branched  nerve  cells  are  found  in  the 
connective  tissue  which  envelopes  the  body. 

The  Inteknal  or  Deep  Cakotid  artery,  one  of  the 
two  terminal  branches  of  the  common  carotid,  begins 
opposite  the  upper  border  of  the  thyroid  cartilage;  it 
ascends  in  the  neck  at  the  side  of  the  pharynx  and  tonsil, 
as  high  as  the  base  of  the  skull,  then  enters  the  carotid 
canal  in  the  petrous-temporal,  leaves  that  canal  at  its  upper 
orifice  and  enters  the  cranial  cavity,  where  it  lies  in  a 
groove  on  the  side  of,  the  body  of  the  sphenoid  bone; 
here  it  forms  a  sigmoid  curve,  and  terminates  close  to  the 
anterior  cliaoid  process  by  dividing  into  the  anterior  and 
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middle  cerebral  arteries.  At  its  origin  in  the  neck  it  lies  in 
the  anterior  triangular  space,  and  is  covered  only  by  the  skin, 
platysma,  and  cervical  fascia ;  but  as  it  ascends  it  becomes 
more  deeply  placed,  and  the  posterior  belly  of  the  digastric 
and  stylo-hyoid  muscles,  the  hypoglossal  nerve,  the  external 
carotid  and  occipital  arteries,  the  parotid  gland,  the  stylo- 
glossus and  stylo-pharyngeus  muscles,  stylo-hyoid  liga- 
ment, glosso-pharyngeal  nerve  and  pharyngeal  branches  of 
the  nervus  vagus  are  between  it  and  the  surface.  It  lies 
in  front  of  the  rectus  capitis  anticus  major  muscle  and  the 
cervical  vertebrsB.  To  its  outer  side  is  the  internal  jugular 
vein,  whilst  the  vagus  nerve  and  the  cord  of  the  sympa- 
thetic are  behind  it. 

In  the  carotid  canal  and  cranial  cavity  the  artery  is 
accompanied  by  the  ascending  prolongation  of  the  gan- 
gliated  cord  of  the  sympathetic,  which  forms  the  carotid 
and  cavernous  plexuses  around  the  artery.  On  the  side  of 
the  body  of  the  sphenoid  it  lies  on  the  inner  wall  of  the 
cavernous  blood  sinus,  and  has  the  sixth  cranial  nerve  in 
contact  with  its  outer  surface;  whilst  the  third  and  fourth 
cranial  nerves,  and  the  ophthalmic  division  of  the  fifth  lie  in 
the  outer  wall  of  the  cavernous  sinus.  Close  to  the  ante- 
rior clinoid  process  it  pierces  the  dura  mater,  and  becomes 
covered  by  the  visceral  arachnoid  prior  to  its  termination. 

No  branch  arises  from  the  internal  carotid  in  the  neck. 
In  the  carotid  canal  a  small  tympanic  branch  arises,  which 
enters  the  tympanum.  When  in  the  inner  wall  of  the 
cavernous  sinus  minute  branches,  named  arterice  receptacvli, 
pass  to  the  walls  of  the  sinus ;  but  the  chief  branches  of 
the  internal  carotid  are  to  the  eyeball  and  other  contents 
of  the  orbit,  and  to  the  brain. 


460 


ANATOMY, 


The  Ophthalmic  branch  arises  close  to  the  anterior 
clinoid  process,  enters  the  orbLt,  along  with  the  optic  nerve, 
through  the  optic  foramen  and  runs  forwards  and  inwards 
above  the  optic  nerve  to  end  in  branches  to  the  nose  and 
forehead.  It  gives  origin  to  the  following  branches : 
lachrymal,  which  runs  forwards  in  relation  to  the  outer 
side  of  the  roof  of  the  orbit,  and  supplies  the  lachrymal 
gland,  conjunctiva,  and  eyelids :  arteria  centralis  retinae, 
which  passes  into  the  optic  nerve,  enters  the  eyeball  along 
with  it,  and  supplies  the  retina  :  ciliary  branches,  which 
accompany  the  optic  nerve  and  pierce  the  sclerotic  coat  to 
ramify  in  the  choroid  coat,  ciliary  processes,  and  iris : 
rmisctdar  branches  to  the  muscles  :  anterior  and  posteriw 
ethmoidal  branches,  which  pass  through  the  ethmoidal 
foramina,  and  supply  the  adjacent  part  of  the  dura  mater : 
paljyebral  branches  to  the  two  eye-lids :  nasal  branch  to 
the  root  of  the  nose  :  supra-orhital  branch,  which  passes 
through  the  supra-orbital  notch  to  the  skin  and  muscles  of 
the  forehead  :  and  a  frontal  branch,  which  is  distributed  to 
the  forehead,  internal  to  the  supra-orbital. 

The  branches  of  the  internal  carotid  for  the  supply  of 
the  brain  are  the  middle  and  anterior  cerebral  and  the 
posterior  communicating. 

The  Middle  Cerebral  artery  extends  outwards  into  the 
•Sylvian  fissure,  divides  into  branches  in  the  pia  mater, 
and  supplies  the  island  of  Eeil,  the  orbital  convolutions, 
the  inferior  and  ascending  frontal  convolutions,  and  the 
convolutions  of  the  parietal  and  temporo-sphenoidal  lobes  : 
it  also  gives  p&i-forating  branches  through  the  locus  perfo- 
ratus  anticus  to  the  corpus  striatum,  and  sends  a  choroid 
branch  to  the  choroid  plexus  of  the  velum  interpositun? 
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The  Anterior  Cerebral  artery  runs  forward  in  the  longi- 
tudinal fissure,  then  turns  upwards  in  front  of  the  corpus 


Fig.  127.— Diagram  of  the  base  of  tlie  Brain  with  its  arteries.  I.  to  IX.  cranial 
nerves ;  a  a,  internal  carotid  artery;  6  6,  middle  cerebral;  c,  anterior  com- 
municating ;  d  d,  anterior  cerebral ;  e  e,  posterior  communicating ;  /,  posterior 
cerebral;  g  g,  superior  cerebellar;  A  and  i,  inferior  cerebellar;  I,  basilar;  m, 
vertebral  artery;  i?';-,  frontal  lobe;  Ts,  temporo-sphenoidal  lobe;  Oc,  occipital 
lobe;  1,  great  longitudinal  Assure;  2,  Sylvian  fissure;  6,  flocculus;  7,  tonsil, 
8,  postero-inferior;  9,  slender;  10,  biventral  lobes  of  cerebellum;  11,  left  an- 
terior pyramid ;  12,  right  olivaiT- body ;  13,  decussation  of  the  pyramids;  14, 
left  anterior  perforated  space ;  16,  tuber  cinereum  and  infundibulum  ;  16,  IC, 
corpora  albicantia. 

caUosum,  and  then  passes  backwards  in  close  relation  to 
Its  upper  surface  :  it  supplies  the  convolutions  of  the  inner 
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face  of  the  hemisphere  from  the  anterior  end  of  the  frontal 
lobe  as  far  back  as  the  internal  parieto-occipital  fissure,  also 
the  corpus  callosum,  and  the  superior  and  middle  frontal 
convolutions. 

The  Posterior  Communicating  artery  is  a  slender  branch 
which  runs  backwards  to  anastomose  with  the  posterior 
cerebral  artery. 

At  the  base  of  the  brain  not  only  do  the  two  internal 
carotids  anastomose  with  each  other  through  the  anterior 
commiinicating  artery,  which  passes  between  their  anterior 
cerebral  branches,  but  the  internal  carotid  on  each  side 
anastomoses  with  the  posterior  cerebral  branch  of  the 
basilar,  by  a  posterior  communicating  artery.  In  this 
manner  a  vascular  circle,  the  circle  of  Willis,  is  formed, 
which  pei-mits  of  freedom  of  the  arterial  circulation  by  the 
anastomoses  between  arteries  not  only  on  the  same  side, 
but  on  opposite  sides  of  the  mesial  plane. 

But  further,  the  branches  which  pass  to  the  convoluted 
surface  of  the  hemisphere  anastomose  to  some  extent 
with  each  other ;  thus  the  anterior  and  middle  cerebral 
anastomose  on  the  frontal  lobe,  and  the  anterior  and  pos- 
terior cerebral  anastomose  on  the  inner  face  of  the  hemi- 
sphere near  the  posterior  end  of  the  corpus  callosum. 

The  vertebral  and  internal  carotid  arteries,  which  are  the 
arteries  of  supply  for  the  brain,  are  distinguished  by  lying 
at  some  depth  from  the  surface  in  their  course  to  the 
organ,  by  having  curves  or  twists  in  their  course,  whereby 
the  force  of  the  flow  of  blood  is  retarded,  and  by  the 
absence  of  large  collateral  branches.  Further,  as  the  oph- 
thalmic artery  is  a  branch  of  the  internal  carotid,  the  circu-. 
lation  in  the  eyebaU  is  in  sympathy  with  that  in  the  brain. 
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The  External  Cahotid  artery  is  the  more  superficial 
of  the  two  terminal  branches  of  the  common  carotid :  it 
begins  opposite  the  upper  border  of  the  thyroid  cartilage, 
and  ascends  to  opposite  the  neck  of  the  condyle  of  the 
lower  jaw,  where  it  divides  into  two  terminal  branches, 
the  temporal  and  internal  maxillary  arteries.  At  its  com- 
mencement it  lies  in  the  anterior  triangular  space  of  the 
neck  internal  to  the  internal  carotid  artery,  overlapped  by 
the  sterno-mastoid,  and  covered  by  the  skin,  platysma, 
and  fascia ;  but  as  it  ascends  it  reaches  a  plane  super- 
ficial to  that  artery,  and  is  crossed  by  the  hypoglossal 
nerve  and  the  posterior  belly  of  the  digastric  and  the  stylo- 
hyoid muscles.  It  then  enters  the  substance  of  the  parotid 
gland,  where  it  is  crossed  by  the  facial  nerve  and  external 
jugular  vein.  In  the  upper  part  of  its  course  it  ia  sepa- 
rated from  the  internal  carotid  artery  by  the  stylo-hyoid 
ligament,  stylo-glossus  and  pharyngeus  muscles,  glosso- 
pharyngeal nerve,  and  pharyngeal  branches  of  the  nervus 
vagus.  I: 

The  external  carotid  gives  origin  to  a  number  of 
branches,  of  which  the  superior  thyroid,  lingual,  facial, 
and  internal  maxiUary  run  forwards  and  inwards ;  the  occi- 
pital and  posterior  auricular  run  backwards  and  outwards  ; 
and  the  ascending  pharyngeal  and  temporal  run  almost 
directly  upwards. 

a.  Superior  Thyroid  artery  arises  from  the  external 
carotid  close  to  its  origin ;  it  runs  downwards  and  inwards 
in  relation  to  the  superior  cornu  of  the  thyi-oid  cartilage, 
and  ends  in  the  substance  of  the  thyroid  body.  From  it 
.  arise  a  hyoid  branch,  which  runs  inwards  below  the  hyoid 
bone :  a  sterno-mastoid  branch  which  runs  downwards  and 
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outwards,  superficial  to  the  carotid  sheath,  to  supply  the 
sterno-mastoid  muscle  :  a  superior  laryngeal  branch,  which 
pierces  the  thyro-hyoid  membrane,  along  with  the  supe- 
rior laryngeal  nerve,  and  supplies  the  mucous  membrane 

Fig.  128. — Diagram  of  the 
Carotid  arteries.  I.com- 
mon  carotid ;  IL  inter- 

f.  nal,  and  III.  external 
carotid ;  IV.  superior 
tlijTOid ;  v.  lingual ; 
VI.  facial;  VII.  ascend- 
ing pharyngeal;  VIII. 
occipital ;  IX.  posterior 
auricular;  X.  internal 
maxillary;  XI.  trans- 
verse facial;  XII.  tem- 
poral. 1,  hyoid  branch 
of  superior  thjToid; 
2,  superior  laryngeal 
branch ;  3,  sterno-mas- 
toid branch;  4,  termi- 
nal branches;  5^  sub- 
mental branch  of 
facial;  6,  inferior 
labial;  7,  coronary;  8, 
septal  branch;  9,  late- 
ral nasal;  10,  angular 
termination  of  facial; 
11  and  12,  tonsillary 
and  ascending  palatine 
branches  of  facial. 

and  muscles  of  the  larynx  :  a  crico-thyroid  branch,  which 
runs  inwards  superficial  to  the  crico-thyroid  membrane,  and 
forms  by  anastomosing  with  the  opposite  crico-thyroid 
artery  an  arterial  arch.  The  terminal  thyroid  branches 
supply  the  lateral  lobe  of  the  thyroid  body,  and  inosculate 
with  the  inferior  thyroid  of  the  subclavian ;  a  branch  also 
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runs  along  the  upper  border  of  the  isthmus  to  join  the 
opposite  superior  thyroid. 

h.  The  Lingtial  artery  arises  just  above  the  superior 
thyroid  artery,  and  runs  upwards  and  inwards,  above  the 
great  cornu  of  the  hyoid  bone  to  the  under  surface  of  the 
tongue.  It  passes  between  the  hyo-glossus  and  middle  con- 
strictor muscles,  and  then  between  the  mylo-hoid  and 
genio-hyo-glossus,  when  it  assumes  the  name  of  ranine 
artery.  From  it  arise  a  hyoid  branch,  which  runs  inwards 
in  relation  to  the  upper  border  of  the  hyoid  bone  :  a  dorsalis 
lingua;  branch,  which  supplies  the  muscular  substance  and 
mucous  membrane  of  the  dorsum  of  the  tongue  ;  this  branch 
is  usually  represented  by  a  number  of  small  branches  :  a 
sublingual  branch,  which  supplies  the  sublingual  gland  and 
the  adjacent  muscles.  The  ranine  termination  of  the 
lingual  artery  runs  along  the  under  surface  of  the  tongue 
as  far  as  the  tip  to  supply  its  muscles  and  mucous  mem- 
brane. 

c.  Facial  artery  arises  above  the  lingual,  but  sometimes 
along  with  it  by  a  common  trunk.  It  runs  upwards  and 
inwards  through  the  digastric  triangle,  then  mounts  over 
the  horizontal  ramus  of  the  lower  jaw,  close  to  the 
anterior  border  of  the  masseter  muscle,  and  ascends  in  a 
tortuous  manner  across  the  side  of  the  face,  close  to  the 
angle  of  the  mouth,  the  angle  of  the  nose,  and  the  inner 
angle  of  the  eye.  It  is  crossed  immediately  after  its  origin 
by  the  stylo-hyoid  and  posterior  belly  of  the  digastric 
muscles,  and  when  in  the  digastric  triangle  it  is  enclosed  by 
the  submaxUlary  gland.  On  the  face  it  is  covered  by  the 
platysma  and  zygomatic  muscles,  and  lies  on  the  buccinator, 
levator  anguli  oris,  and  levator  labii  superioris.  The 
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artery  when  on  tlie  face  is  crossed  by  the  branches  of  the 
facial  nerve,  but  the  facial  vein  is  not  in  close  relation  to  it. 
From  it  arise  an  ascending  jialatine  branch,  which  ascends 
between  the  stylo-glossus  and  stylo-pharyngeus  muscles  to 
supply  the  wall  of  the  pharynx,  tonsil,  and  soft  palate  :  a 
tonsillar  branch  to  the  tonsil  and  side  of  the  tongue : 
glandular  branches  to  the  sub-maxillary  gland :  a  sub- 
mental branch,  which  runs  below  the  lower  jaw  to  the  chin  : 
posterior  facial  branches,  which  run  backwards  to  the  masse- 
teric region  :  inferior  labial  branch,  which  runs  forward  to 
the  skin  and  muscles  of  the  lower  lip :  two  coronary 
branches,  one  to  run  along  the  free  margin  of  each  lip 
immediately  beneath  the  mucous  membrane, — each  inoscu- 
lates with  the  corresponding  artery  of  the  opposite  side, 
and  forms  an  arterial  arch,  and  from  the  superior  coronary 
arch  the  septal  artery  ascends  to  the  nasal  septum  :  lateral 
nasal,  a  branch  distributed  to  the  side  of  the  nose.  The 
terminal  part  of  the  facial  is  the  angxdar  artery,  which 
anastomoses  at  the  inner  angle  of  the  orbit  with  the  nasal 
branch  of  the  ophthalmic  artery. 

d.  Occipital  artery  arises  from  the  posterior  surface  of 
the  external  carotid,  and  passes  upwards  and  backwards  to 
the  occipital  region.  It  goes  under  cover  of  the  posterior 
belly  of  the  digastric,  and  is  crossed  by  the  hypoglossal 
nerve ;  it  then  reaches  the  mastoid-temporal  and  occipital 
bones,  where  it  is  covered  by  the  sterno -mastoid,  splenius, 
and  often  by  the  trachelo-mastoid  muscle,  whilst  it  rests, 
on  the  complexus  and  superior  oblique.  It  then  passes 
through  the  occipital  origin  of  the  trapezius,  along  with 
the  great  occipital  nerve,  and  is  distributed  to  the  back  of 
the  scalp.    From  it  arise  a  stemo-mastoid  branch  to  the 
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stemo-mastoid  muscle  :  a  meningeal  branch,  wLicli  ascends 
through  the  jugular  foramen  to  the  dura  mater  :  princeps 
cervids  branch  to  the  deep  muscles  of  the  back  of  the  neck : 
occipital  branches  to  the  scalp. 

e.  Posterior  Auricular  artery  arises  from  the  external 
carotid  in  the  substance  of  the  parotid  gland.  It  ascends 
behind  the  ear,  and  supplies  auricular  branches  to  the 
back  of  the  auricle  of  the  ear;  cranial  branches  to  the 
scalp  adjacent  to  the  ear :  and  a  stylo-mastoid  branch,  which 
enters  the  stylo-mastoid  foramen. 

/.  Ascending  Pharyngeal  artery  arises  close  to  the  origin 
of  the  external  carotid,  and  ascends  in  relation  to  the  wall 
of  the  pharynx  to  supply  it,  the  tonsU,  and  soft  palate ;  its 
size  is  in  inverse  ratio  to  that  of  the  ascending  pala- 
tine branch  of  the  facial.  It  also  gives  meningeal  branches 
through  the  jugular  foramen  to  the  dura  mater. 

g.  Temporal  artery,  one  of  the  two  terminal  branches  of 
the  external  carotid,  arises  in  the  parotid  gland.  It 
ascends  superficially  to  the  root  of  the  zygoma,  and  in  front 
of  the  ear  to  the  scalp,  where  it  divides  into  two  branches, 
an  anterior  and  a  posterior  temporal  artery,  which  supply 
the  scalp  of  the  side  of  the  head  and  the  anterior  surface 
of  the  auricle :  in  old  persons  the  temporal  branches 
become  very  tortuous.  The  temporal  artery,  whilst  in  the 
parotid,  gives  origin  to  the  transverse  facial  artery,  which 
runs  forwards  to  the  face  superficial  to  the  masseter,  and 
immediately  below  the  zygoma  :  the  transverse  facial  some- 
times arises  directly  from  the  external  carotid. 

h.  Internal  Maxillary  artery,  the  larger  of  the  two 
terminal  branches  of  the  external  carotid,  arises  in  the 
substance  of  the  parotid  gland,  and  passes  forwards  and 
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inwards  under  cover  of  the  ascending  ramus  of  tlie  lower 
jaw  as  far  as  the  spheno-maxillary  fossa,  where  it  divides 
into  six  terminal  branches.  In  this  course  it  lies  at  first 
below  the  external  pterygoid  muscle,  and  between  the  jaw 
and  the  internal  lateral  ligament  •  then  it  crosses  over  the 
external  pterygoid,  between  that  muscle  and  the  coronoid 
insertion  of  the  temporal,  though  it  not  unfrequently 
pierces  the  external  pterygoid,  or  even  goes  behind  it ;  and 
lastly  it  dips  between  the  two  heads  of  the  external  ptery- 
goid, and  enters  the  spheno-maxillary  fossa.  Its  branches 
are  numerous,  and  are  usually  arranged  in  three  sets. 

The  first  set  of  branches  arise  between  the  jaw  and  the 
internal  lateral  ligament,  and  in  their  course  enter  fora- 
mina or  fissures  in  the  bones  of  the  head.  They  are  as 
follows  : — tympanic  branch  passes  through  the  Glaserian 
fissure  to  supply  the  mucous  membrane  of  the  tympanum  : 
middle  meningeal  branch  ascends  under  cover  of  the 
external  pterygoid  muscle  to  the  foramen  spinosum  in  the 
ali-sphenoid,  and  ramifies  extensively  in  the  dura  mater  to 
supply  it  and  the  inner  table  of  the  cranial  bones ;  it  gives 
oft'  a  small  meningeal  branch,  which  enters  the  skull 
through  the  foramen  ovale  :  inferior  dental  branch,  which 
accompanies  the  inferior  dental  nerve  along  the  dental  canal 
in  the  lower  jaw,  and  supplies  the  teeth;  when  opposite 
the  mental  foramen  it  gives  a  meraal  branch  to  the  struc- 
tures of  the  chin. 

The  second  set  of  branches  arise  from  the  internal 
maxiUary  as  it  lies  in  contact  with  the  external  pterygoid, 
and  are  distributed  to  muscles.    They  are  as  follows 
masseteric  branch  to  the  masseter :  pterygoid  branches  to 
the  two  pterygoid  muscles:  huccal  branch  to  the  bucci- 
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nator :  deep  temporal  branches  which  enter  the  deeper 
surface  of  the  temporal  muscle. 

The  third  set  of  branches  arise  in  the  spheno-maxillary 
fossa,  and  enter  foramina  or  fissures  in  the  bones  of  the 
head.  They  are  as  follows  : — superior  maxillary  branch 
runs  downwards  and  forwards  on  the  upper  jaw,  supplies 
the  gum,  and  sends  superior  dental  branches  through  small 
foramina  in  the  upper  jaw,  which  accompany  branches  of 
the  superior  dental  nerve  to  the  pulps  of  the  upper  teeth  : 
infra-orbital  branch  enters  the  infra-orbital  canal,  and 
emerges  on  the  face,  along  with  the  infra-orbital  nerve,  at 
the  infra-orbital  foramen ;  it  supplies  the  lower  eyelid  and 
adjacent  parts  of  the  face :  descending  palatine  branch 
runs  down  the  posterior  palatine  canal  along  with  the 
descending  palatine  nerve,  and  emerges  at  the  posterior 
palatine  foramen  on  the  back  of  the  hard  palate  to  supply 
the  palatal  mucous  membrane  :  spheno-palatine  branch  runs 
inwards  to  the  nose,  along  with  the  spheno-palatine  nerve, 
and  suppKes  the  nasal  mucous  membrane;  one  branch 
runs  down  the  nasal  septum,  and  appears  on  the  roof  of 
the  mouth  at  the  anterior  palatine  foramen  :  vidian  branch 
passes  backwards  by  the  side  of  the  vidian  nerve  through 
the  vidian  canal,  and  supplies  the  Eustachian  tube  and 
adjacent  part  of  the  pharynx  :  pterygo-palatine  branch  runs 
backwards,  along  with  the  pterygo-palatine  nerve,  through 
the  pterygo-palatine  canal  to  the  roof  of  the  pharynx. 

The  branches  of  the  external  carotid  artery  may  be 
arranged  according  to  their  distribution  in  five  groups  :— 

\st.  To  thyroid  body  and  larynx  :   superior  thyro 
artery. 

2c?.  To  tongue  :  lingual  artery. 
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Zd.  To  palate  and  face  :  facial  artery. 

4:fh.  To  scalp  and  auricle  :  occipital,  posterior  auricular 
and  temporal  arteries. 

5th.  To  pharynx,  palate,  deep  parts  of  face,  teeth,  nose, 
and  membranes  of  brain :  ascending  pharyngeal  and 
internal  maxillary  arteries. 

Important  anastomoses  take  place  not  only  between  the 
branches  of  the  carotid  arteries,  but  also  between  them 
and  those  of  the  subclavian.  The  principal  anastomoses 
may  be  arranged  as  follows  : — 

1st.  Between  the  external  and  internal  carotids  of  the 
same  side  :  a,  temporal  with  supra-orbital  and  frontal ;  b, 
angular  termination  of  facial  with  nasal  branch  of  oph- 
thalmic. 

2d.  Between  branches  of  external  carotid  of  the  same 
side :  a,  temporal  with  posterior  auricular  and  occipital ; 

b,  facial  with  transverse  facial  and  with  buccal,  infra- 
orbital and  mental  branches  of  internal  maxillary  j  c, 
ascending  palatine  of  facial  with  ascending  pharyngeal, 
and  with  descending  palatine  of  internal  maxUlary. 

M.  Between  branches  of  external  carotids  of  opposite 
sides :  a,  facial  with  facial ;  b,  temporal  with  temporal ; 

c,  occipital  with  occipital ;  d,  superior  thyroid  with  supe- 
rior thyroid. 

Uh.  Between  branches  of  internal  carotids  of  opposite 
sides  :  anterior  cerebral  with  anterior  cerebral,  through  the 
anterior  communicating. 

5th.  Between  the  subclavian  and  external  carotid  of  the 
same  side  :  a,  deep  cervical  with  princeps  cervicis  of  occi- 
pital ;  b,  vertebral  with  occipital ;  c,  inferior  thyroid  with 
superior  thyroid. 
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6th.  Between  the  subclavian  and  internal  carotid  of  the 
same  side  :  vertebral  through  the  basilar  and  posterior 
cerebral  with  the  posterior  communicating  of  the  internal 
carotid. 

7th.  Between  branches  of  subclavians  of  opposite  sides. 
The  two  verfcebrals  with  each  other  to  form  the  basilar 
artery,  '  '' 

The  anastomoses  of  the  branches  of  the  external  and 
internal  carotid  with  those  of  the  subclavian  enlarge,  and 
form  secondary  channels  .  for  the  conveyance  of  blood  to 
the  face,  head,  and  the  upper  part  of  the  neck  when  the 
common  carotid  artery  is  obstructed  by  the  application  of 
a  ligature, 

FOUETH  GROUP — BRANCHES  OP  THE  AORTA  FOR  THE 
LOWER  LIMBS  AND  PELVIS. 

This  group  consists  of  the  iliac  system  of  arteries,  which 
are  produced  by  the  so-called  bifurcation  of  the  abdominal 
aorta. 

Iliac  System  of  Arteries. 

This  system  is  composed  of  the  arteries  of  supply  for 
the  pelvis  and  lower  limb,  and  consists  of  the  common 
iliac,  the  external  and  internal  iliac  arteries  and  their 
several  branches. 

The  Common  Iliac  artery  springs  from  the  abdominal 
aorta,  at  its  so-called  bifurcation,  opposite  the  body  of 
the  fourth  lumbar  vertebra.  It  passes  downwards  and 
outwards  for  about  two  inches,  and  bifurcates  opposite  the 
side  of  the  lumbo-sacral  joint  into  the  external  and  internal 
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iliac  arteries.  Each  common  iliac  lies  behind  the  perito- 
neum covering  the  posterior  wall  of  the  abdomen,  and  is 
overlapped  by  the  small  intestine.  Each  is  crossed  by 
the  ureter  and  the  branches  of  the  sympathetic  cord  to 
the  hypogastric  plexus,  and  the  left  in  addition  by  the 
inferior  mesenteric  vessels.  Each  is  in  front  of  the  bodies 
of  the  two  lower  lumbar  vertebrae,  but  the  two  common  iliac 
veins  are  interposed  between  the  right  artery  and  the  last 
lumbar  vertebra,  whilst  the  left  common  Uiac  vein  lies 
below  its  corresponding  artery.  No  collateral  branches 
arise  from  the  common  iliac. 

The  External  Iliac  artery  is  the  commencement  of 
the  great  arterial  trunk  for  the  lower  limb ;  it  is  the  larger 
of  the  two  branches  of  bifurcation  of  the  common  iliac,  and 
passes  downwards  and  outwards  within  the  cavity  of  the 
abdomen  as  far  as  Poupart's  ligament,  where  it  becomes 
the  femoral  artery.  It  lies  behind  the  peritoneum  cover- 
ing the  posterior  wall  of  the  abdomen,  and  is  over- 
lapped by  the  intestines.  It  rests  on  the  fascia  covering 
the  inner  border  of  the  psoas  muscle  close  to  the  pelvic 
inlet.  The  external  Uiac  vein  lies  behind  the  upper  end 
of  the  artery,  but  on  the  same  plane  and  internal  to 
its  lower  end,  where  it  receives  the  deep  circumflex  iliac 
vein,  which  crosses  in  front  of  the  artery.  The  genito- 
crural  nerve  is  at  first  external  and  then  anterior  to  it ; 
lymphatic  glands  and  vessels  run  close  to  its  anterior 
and  inner  aspects.  Its  only  branches  are  distributed  to  the 
muscles  of  the  abdominal  wall,  and  are  as  follows  :— 

a.  Deep  Ex)igastric  artery  arises  just  above  Poupart's 
ligamept  and  ascends,  immediately  to  the  inner  side  of  the 
internal  or  deep  abdominal  ring,  to  the  anteribr  waU  of  the 
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abdomen  between  the  fascia  transversalis  and  the  peri- 
toneum ;  it  tlien  enters  the  sheath  of  the  rectus  abdominis, 
and,  continuing  to  ascend,  supplies  that  muscle  and  inos- 
culates with  the  superior  epigastric  branch  of  the  internal 
mammary  artery.  As  it  lies  to  the  inner  side  of  the 
internal  or  deep  abdominal  ring,  the  vas  deferens,  which 
passes  through  the  ring  in  its  course  to  the  pelvis,  turns 
behind  the  artery.  It  gives  off  transverse  branches,  whicli 
pass  outwards  to  inosculate  with  the  lower  aortia  inter- 
costal, lumbar,  and  deep  circumflex  iliac  arteries  :  a  cre- 
master'ic  branch  to  the  coverings  of  the  spermatic  cord ; 
a  pubic  branch  runs  inwards  to  the  back  of  the  pubes, 
inosculates  with  the  obturator  artery,  and  sometimes  en- 
larges so  as  to  form  the  origin  of  the  obturator  artery. 

h.  Deep  Circumflex  Iliac  artery  arises  from  the  external 
Uiac  close  to  Poupart's  ligament  :  it  runs  outwards  behind 
that  ligament  to  the  iliac  crest,  supplies  the  muscles 
attached  to  the  crest,  also  the  iliacus,  and  inosculates  with 
the  lumbar,  ilio-lumbar,  and  deep  epigastric  arteries. 

The  Femoral  artery  is  the  direct  continuation  of  the 
external  iliac :  it  commences  at  Poupart's  ligament,  runs 
down  the  anterior  and  inner  aspects  of  the  thigh,  as  far  as 
the  opening  in  the  tendon  of  the  adductor  magnus  muscle, 
where  it  becomes  the  popliteal  artery.  In  this  course  the 
artery  passes  at  first  through  the  triangular  space  of  Scarpa, 
from  the  middle  of  its  base  to  its  apex,  and  is  covered  by 
the  skin,  superficial  fascia,  and  fascia  lata,  but  at  the  base 
of  the  triangle  it  has  an  additional  investment  from 
the  femoral  sheath.  Near  the  apex  of  Scarpa's  triangle 
the  artery  goes  under  cover  of  the  sartorius  muscle,  behind 
which  it  descends  to  its  termination.    For  about  three 
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Fio.  129.— The  Arteries  of  the  Lower 
Limb.  CI,  common  iliac;  I,  in- 
ternal iliac,  and  E,  external  iliac 
artei-y ;  F,  femoral  artei-y  ;  P,  pop- 
liteal; PT,  posterior  tibial;  AT, 
anterior  tibial  artery;  D,  dorsal 
artery  of  foot ;  e,  deep  epigastric, 
and  ci,  deep  circumflex  Uiac  arte- 
ries ;  0,  obturator  artery :  s,  super- 
ficial branches  of  femoral;  p, 
profunda  artery ;  ec,  external  ch'- 
cumflex;  ic,  internal  circumflex, 
and  pi;  perforating  series  of 
branches ;  a,  anastomotic  artery ; 
d,  descending  branch  of  external 
circumflex ;  ar  ar,  articular  arte- 
I'ies  ;  rt,  recuiTcnt  tibial  branch  ; 
»r,  sural  branch  ;  m,  malleolar  arte- 
ries ;  t,  tarsal,  and  mt,  metatarsal 
branches :  L,  Poupart's  ligament. 
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inclies  above  the  opening  in  the  tendon  of  the  adductor 
mao'nus  it  lies  in  Hunter's  canal — a  canal  bounded  exter- 
nally  by  the  tendon  of  the  vastus  internus,  posteriorly 
by  the  tendons  of  the  adductor  longus  and  magnus,  and 
aiiteriorly  by  a  fibrous  prolongation  from  the  tendon  of  the 
vastus  to  those  of  the  two  adductors.    When  in  this  canal 
the  artery  is  in  close  relation  to  the  inner  surface  of  the 
middle  third  of  the  femur.    Close  to  the  apex  of  Scarpa's 
triangle  it  is  in  relation  to  the  inner  border  of  the  sartorius 
muscle,  which  forms  a  definite  guide  to  the  position  of  the 
artery.    Behind  the  artery  is  the  psoas  muscle,  by  which 
it  is  separated  from  the  capsule  of  the  hip  joint  and  the 
head  of  the  thigh  bone ;  lower  down  the  artery  is  in  front 
of  the  pectineus,  but  separated  from  it  by  the  deep  femoral 
vessels,  and  still  lower  the  artery  has  the  tendons  of  the 
adductor  longus  and  magnus  posterior  to  it.    The  femoral 
vein  is  at  first  on  the  same  plane  and  internal  to  the  artery, 
and  is  enclosed  along  with  it  and  the  femoral  lymphatics 
in  the  femoral  sheath  ;  about  the  apex  of  Scarpa's  triangle 
the  vein  sinks  behind  the  artery,  and  remains  posterior  to 
it  as  far  as  the  popliteal  space.    The  long  saphenous  vein 
IS  superficial,  and  to  the  inner  side  of  the  artery,  and 
separated  from  it  by  the  fascia  lata.    The  anterior  crural 
nerve  is  to  the  outer  side  of  the  artery  near  the  base  of 
Scarpa's  triangle;  of  its  several  branches  the  internal 
cutaneous  nerve  crosses  the  artery  near  the  apex  of  the 
tnangle :  the  internal  saphenous  accompanies  the  artery  into 
Hunter's  canal,  but  when  the  artery  leaves  the  canal  to  enter 
the  popliteal  space,  the  nerve  perforates  its  fibrous  wall,  and 
becomes  cutaneous  near  the  inner  side  of  the  knee  joint. 
The  branches  of  the  femoral  artery  are  as  follows  :— 


476 


ANATOMY. 


As  the  artery  lies  in  the  femoral  sheath,  it  gives  origin 
to  three  superficial  branches,  which  pierce  the  fascia  lata, 
and  end  in  the  skin,  superficial  fascia,  and  lymphatic  glands 
of  the  groin. 

a.  Superficial  Circumflex  Iliac,  which  runs  outwards  to 
the  anterior  superior  iliac  spine. 

6.  Superfijcial  Epigastric,  which  ascends  in  front  of  Pou- 
part's  ligament  to  the  wall  of  the  abdomen. 

c.  Superficial  Pudic  usually  consists  of  two  branches — a 
superior  and  an  inferior,  which  run  inwards  and  end  in 
the  skin  of  the  external  organs  of  generation. 

d.  Mtiscular  branches  small  in  size,  which  run  outwards 
into  the  muscles  of  the  thigh, 

e.  Anastomotic  arises  near  the  lower  end  of  Hunter's 
canal ;  it  divides  into  three  branches  :  a  cutaneous,  which 
runs  along  with  the  long  saphenous  nerve  behind  the 
sartor ius  to  the  inner  side  of  the  knee  ;  a  muscular,  which 
passes  into  the  substance  of  the  vastus  internus,  and  is 
distributed  as  low  down  as  the  knee  :  an  aHicidar,  which 
descends  directly  to  the  knee  on  the  tendon  of  the  ad- 
ductor magnus  inserted  into  the  internal  femoral  condyle. 

The  largest  and  most  important  branch  of  the  femoral  is 
/.  The  Profunda,  or  Deep  Femoral  artery,  which  arises  in 
Scarpa's  triangle  from  the  posterior  and  outer  part  of  the 
femoral  from  one  and  a  half  to  two  inches  below  Poupart's 
ligament.  It  descends  behind  the  femoral  artery  and  the 
tendon  of  the  adductor  longus,  and  pierces  the  substance 
of  the  adductor  magnus  muscle.  It  has  the  iliacus, 
pectineus,  adductor  brevis  and  adductor  magnus  muscles 
behind  it,  and  the  femoral  and  profunda  veins  lie  between  it 
and  the  femoral  artery.     From  it  arise  the  following 
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branches :  external  circumflex,  which  passes  outwards 
behind  the  rectus  and  sartorius  and  between  the  branches  of 
the  anterior  crural  nerve  to  divide  into  ascending,  transverse 
and  descending  branches  ;  the  ascending  passes  under  the 
tensor  fascias  femoris  to  anastomose  with  the  gluteal  artery  ; 
the  transverse  enters  the  substance  of  the  vastus  externus, 
and  the  descending  passes  downwards  and  outwards  on  and 
in  the  vastus  externus,  partly  to  supply  that  muscle,  and 
partly  to  reach  the  outer  side  of  the  knee.  Sometimes  the 
external  circumflex  arises  directly  from  the  femoral,  and 
sometimes  its  ascending,  or  its  ascending  and  transverse 
branches  arise  from  the  femoral,  whilst  the  descending 
branch  springs  as  an  independent  branch  from  theprofunda. 
The  internal  circumflex  arises  from  the  inner  side  of  the 
profunda  opposite  the  origin  of  the  external  circumflex  :  it 
rims  backwards  first  between  the  psoas  and  pectineus, 
then  between  the  adductor  brevis  and  obturator  externus, 
then  between  the  adductor  magnus  and  quadratus  femoris 
to  reach  the  back  of  the  thigh ;  it  supplies  the  muscles 
between  which  it  passes,  also  the  hip  joint.  The  perforat- 
ing branches,  usually  three  in  number,  and  named,  from 
above  downwards,  first,  second,  and  third  j^erf orating,  pass 
to  the  back  of  the  thigh  to  supply  the  hamstrings ;  the 
first  and  second  pierce  the  short  and  great  adductors.  The 
second  perforating  gives  origin  to  the  small  nutrient  artery 
which  enters  the  nutrient  canal  in  the  femur  to  supply 
the  medulla  of  the  bone.  The  terminal  part  of  the  pro- 
funda, sometimes  called  the  foiirth  perforating  artery,  not 
only  supplies  the  adductor  magnus,  but  gives  branches  to 
the  short  head  of  the  biceps. 

The  branches  which  arise  either  directly  or  indirectly 
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from  the  femoral  artery  may  be  arranged  according  to 
their  distribution  as  follows  : — 

1st.  To  glands,  fat,  and  skin  of  groin  :  superficial  pudic, 
epigastric  and  circumflex  iliac  arteries. 

2d.  To  muscles  :  muscular  branches,  profunda  artery. 

3d.  To  bone  :  nutrient  artery. 

4:th.  To  hip  joint  :  external  and  internal  circumflex 
arteries. 

5th.  To  knee  joint :  anastomotic  and  descending  branch 
of  external  circumflex  artery. 

The  profunda  artery  with  its  branches  is  the  great  muscu- 
lar artery  of  the  thigh.  Occasionally  in  the  upper  limb  an  ar- 
rangement similar  to  the  profunda  in  the  thigh  occurs,  when 
the  circumflex,  subscapular,  superior  and  inferior  profunda 
arteries  arise  by  a  common  trunk  from  the  axillary  artery. 

By  some  descriptive  writers  the  part  of  the  femoral  prior 
to  the  origin  of  the  profunda  is  called  common  femoral ; 
which  is  then  said  to  divide  into  a  superficial  femoral  and 
a  deep  femoral  artery,  the  deep  femoral  being  looked  upon 
therefore  as  a  terminal  branch  of  bifurcation,  and  not  as  a 
large  collateral  branch. 

The  Popliteal  artery  is  the  direct  continuation  of  the 
femoral  artery ;  it  commences  at  the  opening  in  the  ad- 
ductor magnus,  passes  down  the  popliteal  space,  or  ham, 
as  far  as  its  inferior  angle,  and  reaches  the  lower  border 
of  the  popliteus  muscle,  where  it  divides  into  two  ter- 
minal branches,  the  anterior  and  posterior  tibial  arteries. 
It  lies  immediately  behind  the  back  of  the  lower  end  of  the 
femur,  the  posterior  ligament  of  the  knee  joint,  and  the 
popliteus  muscle,  so  that  it  is  in  close  relation  to  the  floor 
of  the  popliteal  space,  and  is  separated  from  the  surface  of 
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tlie  back  of  tlie  limb  by  a  considerable  interval.  To  its 
outer  side  in  the  upper  half  of  the  space  is  the  biceps,  and 
in  the  lower  half  the  outer  head  of  the  gastrocnemius  and 
the  plantaris.  It  enters  the  space  by  passing  in  front  of 
the  semi-membranosus,  and  then  has  that  muscle  with  the 
semi-tendinosus  to  its  inner  side  in  the  upper  half  of  the 
space,  and  the  inner  head  of  the  gastronemius  in  its  lower 
half  :  as  the  two  heads  of  the  gastrocnemius  approach  each 
other  at  the  lower  angle  of  the  space  they  overlap  the 
artery.  The  popliteal  vein  lies  immediately  posterior  to 
the  artery,  at  its  upper  part  being  a  little  to  its  outer  side, 
at  its  lower  part  a  little  to  its  inner  side.  The  internal 
popliteal  nerve  is  also  posterior  to  the  artery,  but  nearer  to 
'  the  surface  of  the  region  ;  like  the  vein  it  is  at  first  some- 
what external,  but  in  the  lower  part  of  the  region  it  lies  to 
the  inner  side  of  the  artery. 

The  branches  of  the  popliteal  artery  are  distributed  to 
the  knee  joint,  to  the  muscles  around  it,  and  to  the  skin 
of  the  popliteal  space. 

a.  Superior  Muscular  pass  to  the  lower  end  of  the  ham- 
string muscles. 

6.  Inferior  Muscular  or  Sural,  to  the  heads  of  the 
gastrocnemius  and  to  the  plantaris. 

c.  Superior  Internal  Articular  turns  round  the  femur 
above  the  inner  condyle,  and  under  cover  of  the  adductor 
magnus  tendon  and  the  inner  hamstrings,  to  reach  the 
inner  side  of  the  knee. 

d.  Superior  External  Articular  turns  round  the  femur 
immediately  above  the  outer  condyle,  and  under  cover  of 
the  biceps  to  reach  the  outer  side  of  the  knee. 

e.  Inferior  Internal  Articular  runs  inwards  below  the 
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internal  tuberosity  of  the  tibia  and  under  cover  of  the 
internal  lateral  ligament  to  the  inner  side  of  the  knee. 

/.  Inferior  External  Articular  runs  outwards  under  the 
outer  head  of  the  gastrocnemius  and  the  external  lateral 
ligament,  and  above  the  head  of  the  fibula  to  the  outer 
side  of  the  knee. 

5-.  Azygos  Articular  pierces  the  posterior  ligament  of  the 
knee,  and  is  distributed  to  the  crucial  ligaments  and 
synovial  membrane. 

h.  Cutaneous  branch  or  branches  arise  either  from  the 
popliteal  or  from  its  muscular  arteries  to  supply  the  skin 
of  the  popliteal  space  and  calf  of  the  leg. 

The  Antekioe  Tibial  artery  is  the  smaller  of  the  two 
terminal  branches  of  the  popliteal.  It  passes  at  first 
directly  forwards  between  the  tibia  and  fibula,  then 
descends  on  the  front  of  the  leg  as  far  as  the  front  of  the 
ankle,  where  it  becomes  the  dorsal  artery  of  the  foot.  As 
it  passes  forwards  it  lies  above  the  upper  end  of  the  tibialis 
posticus  and  the  interosseous  membrane.  On  the  front  of 
the  leg  it  rests  on  the  front  of  the  interosseous  membrane 
for  about  its  upper  two-thirds,  but  for  the  rest  of  its  course 
on  the  front  of  the  tibia.  In  the  upper  part  of  the  leg  it  is 
deeply  placed  between  the  muscles,  with  the  tibialis 
anticus  on  its  inner  side,  and  the  extensor  communis 
digitorum  and  extensor  longus  hallucis  on  its  outer  side. 
Above  the  ankle,  where  it  rests  on  the  tibia,  it  is  covered 
by  the  anterior  annular  ligament  of  the  fascia  of  the  leg, 
and  is  crossed  by  the  tendon  of  the  extensor  longus 
hallucis.  It  is  accompanied  by  the  two  vense  comites,  and 
the  anterior  tibial  nerve  lies  in  close  relation  to  it.  Its 
branches  are-  as  follows  : — 


DORSAL  AETERY  OF  FOOT. 


481 


a.  Muscular  to  the  muscles  of  the  front  of  the  leg.  ' 

b.  Reanrent  Tibial  Articular  arises  as  soon  as  the 
anterior  tibial  has  passed  to  the  front  of  the  leg,  and 
ascends  in  the  substance  of  the  tibialis  anticus  to  the  knee. 

c.  External  Malleolar  runs  outwards  to  the  region  of 
the  external  malleolus,  behind  the  long  extensor  of  the  toes. 

d.  Internal  Malleolar  runs  inwards  to  the  region  of  the 
internal  malleolus  behind  the  tibialis  anticus.  The 
malleolar  arteries  supply  the  ankle  joint. 

The  Dorsal  Artery  of  the  Foot  is  a  direct  continua- 
tion of  the  anterior  tibial  artery ;  it  runs  forwards  from 
the  front  of  the  ankle  to  the  first  metatarsal  space,  where 
it  enters  the  sole  of  the  foot  to  join  the  external  plantar 
artery  and  assist  in  the  formation  of  the  plantar  arch.  It 
rests  on  the  inner  row  of  tarsal  bones  and  lies  between  the 
extensor  longus  hallucis  and  the  extensor  communis  digi- 
torum ;  it  is  crossed  by  the  innermost  tendon  of  the  ex- 
tensor brevis  digitorum,  and  is  covered  by  the  skin  and  fascia 
of  the  dorsum  of  the  foot.  It  is  accompanied  by  two  vense 
comites,  and  the  anterior  tibial  nerve  is  immediately  to  its 
outer  side.    Its  branches  are  as  follows  : — 

a.  Tarsal  branch  runs  outwards  under  cover  of  the  ex- 
tensor brevis  digitorum  to  supply  it  and  the  tarsal  joints. 

h.  Metatarsal  branch  arises  in  front  of  the  tarsal,  and 
passes  outwards  under  cover  of  the  extensor  brevis.  It 
supplies  the  tarso-metatarsal  jpints,  and  gives  off  interos- 
seous branches  to  the  three  outer  interosseous  spaces  to 
supply  the  dorsal  interossei  muscles,  which  branches  are 
prolonged  on  the  dorsum  of  the  toes. 

c.  Marginal  branches  to  the  skin  of  the  inner  border  of 
the  foot. 
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d.  Doi  jalis  Halluds  arises  as  the  artery  dips  into  the 
first  metatarsal  space,  and  runs  along  the  dorsal  surface 
of  the  great  toe. 

e.  First  Digital  branch  arises  in  the  sole  and  runs  along 
the  inner  border  of  the  plantar  surface  of  the  great  toe. 

/.  Second  Digital  branch  also  arises  in  the  sole,  and 
dividing  into  two,  supplies  the  adjacent  sides  of  the  great 
and  second  toes. 

The  Posterior  Tibial  artery  is  the  larger  of  the  two 
terminal  branches  of  the  popliteal,  and  continues  the 
course  of  that  artery  down  the  back  of  the  leg  as  far  as 
the  inner  ankle,  where  it  divides  into  its  two  terminal 
branches,  the  internal  and  external  plantar  arteries.  In 
the  upper  two-thirds  of  its  course,  it  is  placed  deeply  in 
the  limb  under  cover  of  the  great  muscles  of  the  calf,  but 
in  the  lower  third  it  lies  to  the  inner  side  of  the  iendo 
Achillis,  and  is  covered  by  the  skin  and  fascias;  imme- 
diately prior  to  its  termination,  however,  it  passes  under 
cover  of  the  origin  of  the  abductor  haUucis.  It  rests  from 
above  downwards  on  the  tibialis  posticus,  flexor  longus  digi- 
torum,  the  tibia,  and  ankle  joint ;  at  the  inner  ankle  it  has 
the  tendons  of  the  tibialis  posticus  and  flexor  longus  digi- 
torum  between  it  and  the  inner  malleolus,  and  the  tendon 
of  the  flexor  longus  hallucis  to  its  outer  or  calcaneal  side. 
It  is  accompanied  by  two  venee  comites.  The  posterior 
tibial  nerve  is  at  first  to  its  inner  side,  and  then  crosses 
behind  to  descend  on  the  outer  side  of  the  artery.  Its 
branches  are  as  follows  : — 

a.  Miismlar  branches  to  muscles  of  back  of  leg. 

h.  Nutrient  branch  to  shaft  of  tibia. 

c.  Calcaneal  branch  to  skin  of  heel.  , 
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cl.  Peroneal,  a  large  brancli,  which  descends  under  cover 
of  the  soleus  and  flexor  longus  hallucis,  and  in  close  rela- 
tion to  the  fibula  as  far  as  the  lower  end  of  the  leg  when 
it  passes  to  the  outer  ankle,  where  it  terminates.  It 
supplies  mtiscular  branches  to  the  muscles  of  the  back 
and  outer  side  of  the  leg :  a  nutrient  branch  to  the 
fibula  :  an  anterior  peroneal  or  perforating  branch  pierces 
the  interosseous  membrane,  and  descends  to  the  outer  side 
of  the  front   of  the  ankle :   a  communicating  branch 
runs  transversely  behind  the  lower  end  of  the  tibia,  and 
joins  the  posterior  tibial  artery.    It  is  not  uncommon  to 
find  the  peroneal  artery  much  larger  than   the  posterior 
tibial  is  below  the  origin  of  the  peroneal,  in  which  case  the 
communicating  branch  is  also  enlarged,  and  through  it  the 
blood  flows  into  the  lower  end  of  the  tibial  and  the  plantar 
arteries. 

The  Internal  Plantar  artery  is  the  smaller  of  the 
two  terminal  branches  of  the  posterior  tibial  artery.  It 
passes  forwards  close  to  the  inner  border  of  the  sole  of  the 
foot  as  far  as  the  root  of  the  great  toe,  and  is  accompanied 
by  the  internal  plantar  nerve  ;  it  is  covered  by  the  abduc- 
tor hallucis  muscle.  It  supplies  marginal  branches  to  the 
skin  of  the  inner  border  of  the  foot,  and  muscular  branches 
to  the  abductor  haUucis  and  flexor  brevis  digitorum. 

The  External  Plantar  artery,  the  larger  of  the  two  ter- 
minal branches  of  the  posterior  tibial,  inclines  forwards 
and  outwards  from  the  inner  ankle  as  far  as  the  base  of  the 
fifth  metacarpal  bone,  and  is  accompanied  by  the  external 
plantar  nerve  ;  it  then  runs  inwards  and  forwards  through 
the  deepest  part  of  the  sole  as  far  as  the  first  metatarsal 
space,  where  it  joins  the  dorsal  artery  of  the  foot,  and  forms 
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the  PLANTAE  AETEEiAL  ARCH.  Tlie  artery  is  at  first  covered 
by  the  skin,  plantar  fascia,  and  abductor  hallucis,  and  rests 
on  the  OS  calcis,  it  then  passes  between  the  flexor  brevis  digi- 
torum  and  musculus  accessorius,  and  when  it  runs  forwards 


Fig.  130.— Outline  ])iagram  of 
the  Plantar  arteries  and 
nerves.  1,  Posterior  tibial 
artery;  2,  internal  plantar; 
8,  external  plantar;  4,  4, 
4,  posterior  perforating 
branches;  5,5,  6,  5,  digital 
branches ;  6,  dorsal  artery  of 
foot  appearing  in  the  sole ; 
a,  external  plantar  nerve ;  b, 
its  deep  branch ;  c,  internal 
plantar  nerve;  d,  e,f,  g,  its 
digital  branches. 


and  inwards  in  the  deep  part  of  the  sole,  it  is  covered  by  the 
flexor  tendons,  the  lumbricales  and  the  adductor  hallucis, 
and  it  rests  on  the  metatarsal  bones  and  the  interossei 
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muscles.  It  supplies  a  cutaneoiis  branch  to  the  skin  of  the 
heel :  muscular  branches  to  the  muscles  of  the  sole :  marginal 
branches  to  the  skin  of  the  outer  border  of  the  foot.  From 
the  plantar  arch  arise  three  posterior  •perforating  branches, 
which  pass  between  the  heads  of  the  dorsal  interossei  muscles 
and  inosculate  with  the  interosseous  branches  of  the  meta- 
tarsal artery :  four  digital  branches,  of  which  the  fird 
supplies  the  outer  side  of  the  little  toe  ;  whilst  the  second, 
third,  and  fourth  divide  at  the  clefts  between  the  toes, 
and  supply  the  contiguous  borders  of  the  fifth  and  fourth, 
fourth  and  third,  third  and  second  toes ;  from  the  digital 
arteries  anterior  perforating  branches  pass  at  the  clefts 
between  the  toes  to  the  dorsum  of  the  foot,  to  inosculate 
with  the  branches  of  the  metatarsal  artery  prolonged  on  to 
the  dorsum  of  the  toes. 

The  Internal  Iliac  artery,  the  smaller  of  the  two 
terminal  branches  of  the  common  iliac,  commences  at  the 
lumbo-sacral  joint,  sinks  into  the  cavity  of  the  pelvis,  and 
after  a  course  of  about  one  inch  and  a  half,  divides  oppo- 
site the  great  sacro-sciatic  foramen  into  several  branches. 
It  lies  behind  the  peritoneum,  and  is  crossed  by  the 
ureter.  It  is  in  front  of  the  psoas,  the  upper  origin  of  the 
pyriformis,  the  internal  iliac  vein  and  the  lumbo-sacral 
nerve,  and  at  its  termination  is  situated  in  the  loose  areolar 
tissue  which  separates  the  peritoneum  from  the  pelvic  fascia. 

In  the  foetus  the  internal  iliac  artery  is  a  more  impor- 
tant vessel  than  it  is  after  the  birth  of  the  child,  for  by 
it  the  impure  blood  of  the  foetus  is  conveyed  to  the  pla- 
centa. Accordingly  it  does  not  end  in  the  pelvis,  but  runs 
along  the  side  of  the  upper  part  of  the  bladder,  and  the 
back  of  the  anterior  wall  of  the  abdomen  as  far  as  the 


486 


ANATOMY. 


umbilicus,  under  the  name  of  the  hypogastric  artery.  At 
the  umbilicus  it  passes  out  of  the  abdomen,  forms  one  of 
the  constituents  of  the  umbilical  cord,  and  is  called  the 
umbilical  artery.  When  the  child  is  born  the  function  of 
the  hypogastric  artery  ceases,  and  it  shrivels  up  into  a 


Fig.  131— Diugi'ara  of  the 
Internal  Iliac  arteiy.  CI, 
common  iliac;  E,  external, 
and  I,  internal  iliac;  H,  obli- 
terated hypogastric.  M, 
middle  sacral  artery,  ci, 
deep  circumflex  iliac  aa  terj' ; 
t  ilio-lumbar;  Is,  lateral 
sacral ;  gf,  gluteal ;  i,  ischia- 
tic;  0,  obturator;  sv,  supe- 
rior vesical;  ii>,  inferior 
vesical;  mh,  middle  hse- 
monlioidal;  i),  pudic;  ih, 
inferior  haamon'hoidal;  sp, 
superficial  perineal;  6,  artery 
to  bulb  ;  cc,  artery  to  corpus 
cavemosum ;  d,  dorsal  artery 
of  penis.  L,  Poupart's  liga- 
ment. 

fibrous  cord,  which  may  be  seen  in  the  adult  on  the  side 
of  the  bladder  and  on  the  wall  of  the  abdomen. 

It  is  customary  to  speak  of  the  internal  iliac  artery  as 
terminating  in  the  adult  in  two  divisions,  from  each  of 
which  particular  branches  arise,  but  as  these  branches  are 
variable  in  their  origin,  it  is  better  to  arrange  them 
according  to  their  distribution  into  five  groups  of  branches. 
1st,  to  viscera  of  pelvis :  superior  and  inferior  vesical 
and  middle  hismorrhoidal.  2d,  to  walls  of  pelvis  :  lateral 
sacral,  ilio-lumbar.  3d,  to  external  organs  of  generation  :  in- 
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ternal  pudic.  4tli,  to  muscles  of  buttock :  gluteal  and  sciatic. 
5th,  to  hip-joint  and  external  obturator  muscle  :  obturator 

a.  Superior  Vesical  artery  arises  from  the  beginning  of 
the  hypogastric  portion  of  the  internal  iliac  artery,  which 
has  not  altogether  become  obliterated ;  it  passes  to  the  upper 
part  of  the  bladder,  which  it  supplies ;  it  gives  a  branch  to 
the  vas  deferens. 

b.  Inferior  Vesical  artery  runs  to  the  lower  part  of  the 
bladder,  supplies  it  and  the  vesiculas  seminales  ;  one  branch, 
also  passes  to  the  side  of  the  prostate  gland.  From  its 
distribution  to  the  prostate,  this  branch  is  sometimes  called 
the  vesico-prostafAc  artery. 

c.  Middle  JETcemorrhoidal  artery  supjjlies  a  portion  of  the 
rectum  in  relation  to.  the  base  of  the  bladder.  It  is  often 
a  branch  of  the  inferior  vesical  artery. 

In  the  female,  from  the  absence  of  the  vesicul^  semi- 
nales and  prostate,  the  corresponding  branches  are  absent ; 
but  in  their  stead  are  two  arteries  not  present  in  the  male, 
viz.,  a  Uterine  branch,  which  reaches  the  neck  of  the 
uterus,  and  ascends  between  the  two  layers  of  the  broad 
ligament,  to  supply  the  uterus;  also,  a  Vaginal  branch,  which 
is  distributed  to  the  walls  of  the  vagina,  the  bladder,  and 
rectum. 

d.  Lateral  Sacral  artery  usually  consists  of  two  branches 
which  pass  to  the  front  of  the  sacrum,  supply  the  pyri- 
f  ormis  muscle,  and  send  twigs  into  the  sacral  canal  through 
the  anterior  sacral  foramina. 

e.  Ilio-lumhar  artery  passes  outwards  behind  the  psoas 
into  the  iliac  fossa,  where  it  divides  into  a  lumbar  branch, 
which  ascends  to  supply  the  muscles  of  the  loins,  and  an 
iliac  branch,  which  supplies  the  iliacus  and  gives  a  mctrien 
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braQch  to  the  ilium  through  the  nutrient  foramen  in  its 
ventral  surface. 

/.  Internal  or  Deep  Pudic  artery  pierces  the  pelvic  fascia, 
passes  out  of  the  pelvis  through  the  great  sacro-sciatic 
foramen,  and  appears  in  the  buttock  below  the  pyriformis 
muscle,  where  it  lies  on  the  spine  of  the  ischium.    It  then 
goes  through  the  small  sacro-sciatic  foramen,  runs  forwards 
along  the  outer  wall  of  the  ischio-rectal  fossa,  in  close 
relation  to  the  inner  surface  of  the  obturator  internus 
muscle,  and  ensheathed  by  the  obturator  or  parietal  layer  of 
the  pelvic  fascia ;  it  continues  its  course  forwards  behind 
the  triangular  ligament  of  the  urethra,  and  in  close  relation 
to  the  side  of  the  pubic  arch,  then  pierces  the  triangular 
ligament,  and  terminates  by  dividing  into   the  .  dorsal 
artery  of  the  penis  and  the  artery  for  the  corpus  caverno- 
sum.    It  is  accompanied  by  the  deep  pudic  vein,  and  the 
pudic  nerve.    Its  branches  are  as  follows  :  inferior  hasmorr- 
hoidal  arises  in  the  outer  wall  of  the  ischio-rectal  fossa, 
passes  through  the  fat  in  that  fossa,  and  is  distributed  to 
the  lower  end  of  the  rectum,  the  sphincter  ani,  and  the 
skin  around  the  anus :  superficial  perineal  arises  in  the 
outer  wall  of  the  ischio-rectal  fossa,  and  runs  forwards  to 
supply  the  fascia  and  skin  of  the  scrotum  :  transverse  peri- 
neal, a  small  branch  to  the  structures  between  the  anus 
and  the  bulb  of  the  urethra :  arter?/  of  the  bidb,  a  short  but 
important  artery  which  arises  behind  the  triangular  liga- 
ment of   the  urethra,  passes  transversely  or  obliquely 
inwards,  then  pierces  the  Ugament  to  enter  the  back  of  the 
bulb  ;  sometimes  the  artery  of  the  bulb  arises  nearer  the 
ischio-rectal  fossa,  and  runs  very  obliquely  forwards  in 
order  to  reach  the  bulb;  were  the  lateral  operation  of 
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lithotomy  to  be  performed  in  sucli  a  case  the  artery- 
would  in  all  probability  be  cut  through  :  artery  of  the 
corpiis  caveniosum  enters  the  crus  penis,  and  is  distributed 
in  the  erectile  structure  of  the  corpus  cavernosum  penis  : 
dorsal  aHery  of  the  penis  pierces  the  suspensory  liga- 
ment of  the  penis,  runs  forward  in  the  subcutaneous 
fascia  on  the  dorsum  of  the  organ,  sends  branches  into 
the  corpus  cavernosum,  and  ends  in  the  glans  penis  and 
prepuce. 

'In  the  female  the  internal  pudic  artery  is  much  smaller 
than  in  the  male,  owing  to  the  small  size  of  the  clitoris  as 
compared  with  the  penis.  It  gives  off  a  similar  set  of 
branches,  but  the  superficial  perineal  is  distributed  to  the 
labium,.,  the  artery  to  the  bulb  supplies  thebulbus  vestibuli, 
and  the  terminal  branches  supply,  the  one  the  crus  and 
corpus  cavernosum  of  the  clitoris,  the  other  the  dorsum 
aud  glans  of  the  clitoris. 

ff.  Gluteal  artery,  the  largest  branch  of  the  internal 
iliac,  pierces  the  pelvic  fascia,  and  passes  out  of  the  pelvis 
through  the  great  sacro-sciatic  foramen  in  close  relation  to 
its  upper  or  iliac  boundary,  and  appears  in  the  buttock 
immediately  above  the  pyriformis  muscle,  where  it  divides 
into  a  superficial  and  a  deep  branch.  The  superficial 
branch  runs  between  the  gluteus  medius  and  maximus,  and 
enters  the  maximus  to  supply  the  upper  portion  of  that 
muscle.  The  deep  branch  divides  into  two  parts,  one 
curves  outwards  along  the  border  of  attachment  of  the 
the  gluteus  minimus  to  the  superior  curved  line,  the  other 
runs  straight  between  the  gluteus  medius  and  minimus 
muscles,  along  with  the  superior  gluteal  nerve ;  both  divi 
sions  of  the  deep  branch  reach  the  tensor  fascia  femoris 
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muscle,  and  supply  it  and  the  gluteus  medius  and 
minimus. 

h.  Sciatic  artery  pierces  the  pelvic  fascia,  and  passes 
out  of  the  pelvis  through  the  great  sacro-sciatic  foramen, 
and  appears  in  the  buttock,  immediately  below  the  pyri- 
formis  muscle,  along  with  the  great  and  small  sciatic 
nerves.  It  gives  off  a  coccygeal  branch,  which  pierces  the 
great  sciatic  ligament,  supplies  the  origin  of  the  gluteus 
maximus  muscle  from  that  ligament,  and  ends  in  the  skin 
about  the  coccyx  :  a  coTnes  nervi  ischiatici,  a  small  branch, 
which  accompanies  the  great  sciatic  nerve;  terminal 
branches,  which  for  the  most  part  end  in  the  lower  half  of 
the  gluteus  maximus,  though  some  supply  the  rotator 
muscles  in  the  buttock.  Not  unfrequently  the  sciatic  and 
pudic  arteries  arise  from  the  internal  iliac  by  a  common 
trunk,  which  divides  as  it  enters  the  buttock  into  the  two 
arteries. 

i.  Obturator  artery  passes  forwards  between  the  peri- 
toneum and  pelvic  fascia,  along  the  side  waU  of  the  pelvis 
as  far  as  the  upper  part  of  the  obturator  foramen,  through 
which  it  passes  into  the  thigh,  where  it  divides  into  its 
terminal  branches.    It  gives  off  in  the  pelvis  a  pubi 
branch,  which  anastomoses  with  the  pubic  branch  of  the 
deep  epigastric  artery.    The  terminal  branches  pass  to  the 
obturator  externus,  gracQis,  and  adductor  muscles,  and  a 
branch  enters  the  hip  joint  through  the  cotyloid  notch. 
The  obturator  artery  varies  in  its  origin.    In  361  cases 
examined  by  B.  Quain,  it  arose  in  two-thirds  from  the 
internal  iliac  :  in  one  case  out  of  three-and-a-half  from  the 
deep  epigastric ;  in  a  very  small  proportion,  partly  from 
the  internal  iliac,  and  partly  from  the  epigastric,  and  m  an 
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equally  small  proportion  from  the  external  iliac  artery. 
Its  origin  from  the  epigastric  is  due  to  a  great  increase  in 
the  size  of  the  pubic  branch  of  that  artery.  When  the 
obturator  arises  from  the  epigastric  it  enters  the  pelvis 
behind  its  pubic  wall,  and  in  its  course  passes  usually  to 
the  outer  side  of,  more  seldom  to  the  front  and  inner  side 
of  the  crural  ring  ;  a  point  to  be  kept  in  mind  in  connec 
tion  with  the  anatomy  of  the  parts  concerned  in  femoral 
hernia. 

Important  anastomoses  take  place  not  only  between 
branches  belonging  to  the  iliac  system  of  arteries,  but 
between  some  of  these  branches  and  those  of  other  arte- 
ries. 

In  the  wall  of  the  abdomen,  as  already  described,  the 
deep  epigastric  and  circumflex  iliac  of  the  external  iliac,  and 
the  ilio-lumbar  of  the  internal  iliac,  anastomose  with  the 
internal  mammary  of  the  subclavian,  and  with  the  lower  in- 
tercostal and  lumbar  branches  of  the  aorta.  At  the  sacral 
wall  of  the  pelvis,  the  lateral  sacral  of  the  internal  iliac 
anastomoses  with  the  middle  sacral  of  the  aorta,  and  with 
the  superior  hsemorrhoidal  termination  of  the  inferior 
mesenteric  artery.  At  the  anterior  wall  of  the  pelvis 
behind  the  os  pubis,  the  pubic  branch  of  the  deep  epi- 
gastric anastomoses  with  the  pubic  branch  of  the  obturator. 

In  the  lower  limb  the  following  inosculations  take  place 
around  the  hip  joint :  in  the  buttock  and  region  of  the 
trochanter  major  the  gluteal  and  sciatic  branches  of  the  in- 
ternal iliac  with  the  external  and  internal  circumflex  branches 
of  the  profunda  ;  in  the  region  of  the  trochanter  minor  the 
obturator  of  the  internal  iliac  with  the  internal  circumflex 
of  the  profunda.    These  inosculations  enlarge  and  form 
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secondary  channels  for  conveying  the  blood  to  the  lower 
limb  when  the  external  iliac  artery  is  tied.    In  the  sub- 
stance of  the  thigh,  more  especially  in  the  hamstring  and 
adductor  magnus  muscles,  the  several  perforating  branches 
of  the  profunda  anastomose  with  each  other,  with  the 
circumflex  branches  of  the  profunda,  with  the  comes  nervi 
ischiatici  branch  of  the  sciatic,  and  with  the  superior 
muscular  branches  of  the  popliteal.    These  anastomoses 
enlarge  and  form  secondary  channels  when  the  femoral 
artery  is  tied.    Around  the  knee  joint  the  five  articular 
branches  of  the  popliteal  anastomose  with  each  other,  with 
the  anastomotic  branch  of  the  femoral,  with  the  descending 
branch  of  the  external  circumflex,  and  with  the  recurrent 
articular  branch  of  the  anterior  tibial.    In  the  front  of  the 
leg  the  muscular  branches  of  the  anterior  tibial  anastomose 
with  each  other.    In  the  back  of  the  leg  the  muscular 
branches  of  the  posterior  tibial  and  peroneal  inosculate 
with  each  other,  and  the  communicating  branch  of  the 
peroneal  with  the  posterior  tibial.    Around  the  ankle  joint 
the  internal  and  external  malleolar  branches  of  the  anterior 
tibial  inosculate  with  the  anterior  perforating  and  terminal 
branches  of  the  peroneal,  and  with  the  tarsal  branch  of  the 
dorsal  artery  of  the  foot.    In  the  foot  itself  the  dorsal 
artery  inosculates  with  the  external  plantar  artery  to  form 
the  plantar  arterial  arch;  its  tarsal  and  metatarsal  branches 
inosculate  not  only  with  each  other,  but  at  the  outer  border 
of  the  foot  with  the  marginal  branches  of  the  external 
■  plantar,  and  at  the  inner  border  of  the  foot  with  the  mar- 
ginal branches  of  the  internal  plantar  artery.    The  per- 
forating branches  of  the  plantar  arch  inosculate  with  the 
interosseous  and  digital  branches  of  the  metatarsal  arte- 
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ries,  and  tlie  collateral  arteries  to  each,  toe  anastomose 
with  each  other  on  the  plantar  aspect  of  the  terminal 
phalanx 

Structure  of  the  Arteries. 

As  a  general  rule,  each  artery  is  surrounded  by  a  sheath, 
formed  of  connective  tissue,  which  is  attached  to  the  outer 
wall  of  the  artery  by  slender  fibres,  and  the  attachment 
is  so  loose,  that  when  the  artery  is  cut  across  it  retracts 
within  its  sheath.  The  wall  of  the  artery  consists  of 
several  coats,  wbich  are  distinguished  from  each  otber  not 
only  by  differences  in  the  direction  of  the  fibres  of  which 
they  are  composed,  but  by  structural  differences.  Soma 


Fig.  132  — D  agram  of  the  Structure  of  an  Artery.  A,  tunica  adventitia ;  E 
elastic  layer ;  M,  muacular  coat ;  F,  fenestrated  layer ;  En,  endothelium  con- 
tinuous with  the  endothelial  wall  of  C,  the  capillaries. 


anatomists  name  these  coats  outer,  middle,  and  inner,  but 
others  apply  to  them  the  names  of  fibrous  coat,  elastic 
coat,  muscular  coat,  fenestrated  coat,  and  endothelial  coat, 
a  nomenclature  based  on  their  structural  characters. 


494 


ANATOMY. 


The  outer  coat  of  the  artery,  or  tunica  adventitia,  con- 
sists of  interlaced  bundles  of  white  fibrous  tissue  mingled 
with  elastic  fibres.  In  the  larger  arteries,  the  proportion  of 
elastic  tissue  increases  in  the  deeper  part  of  this  coat,  so  as 
to  form  an  elastic  layer.  In  some  arteries,  as  the  aorta, 
splenic,  and  renal  arteries,  bundles  of  non-striped  muscular 
fibre  arranged  longitudinally  or  obliquely,  have  been  de- 
scribed in  the  deeper  part  of  the  outer  coat. 

The  middle  coat  consists  in  medium-sized  arteries  chiefly 
of  non-striped  muscular  fibres,  arranged  transversely  to  the 
long  axis  of  the  artery,  so  that  this  coat  is  sometimes 
named  the  circular  or  muscular  coat.  The  muscular  coat 
forms  several  layers,  which  may  be  peeled  asunder.  Be- 
tween the  layers,  as  well  as  between  the  muscular  fibres 
in  each  layer, .  elastic  fibres  are  found.  In  the  largest 
arteries,  as  the  aorta  and  pulmonary,  the  proportion  of  the 
elastic  to  the  muscular  constituent  of  this  coat  is  so  very 
greatly  increased  as  to  form  layers  of  elastic  tissue  in  the 
middle  coat.  The  elastic  fibres  of  the  middle  coat  pass  on 
the  one  hand  into  the  elastic  layer  of  the  outer  coat,  and 
on  the  other  into  the  elastic  layer  of  the  inner  coat. 

The  inner  coed  or  tunica  intima  has  its  free  surface,  i.e., 
the  surface  next  the  lumen  of  the  artery,  formed  of  a  single 
layer  of  flattened,  elongated,  squamous  endothelial  cells, 
which  give  a  smooth  glistening  surface  for  the  blood  to 
flow  over.  Outside  the  endothelium  is  an  extra-endothelial 
layer,  consisting  of  a  delicate  connective  tissue  in  which 
stellate  corpuscles  are  situated  :  outside  this  layer  is  the 
elastic  or  fenestrated  layer,  which  forms  the  chief  thickness 
of  the  inner  coat.  The  fenestrated  layer  consists  of  an 
elastic  membrane,  which  may  be  slit  up  into  several  strata. 


STRUCTtJKE  OF  ARTERIES. 


495 


It  contains  a  network  of  elastic  fibres,  with  spaces  or 
perforations  in  it,  which  give  it  a  fenestrated  appearance. 
The  inner  coat  may  be  peeled  off  the  middle  coat  as  a 
brittle  film,  which  curls  upon  itself  when  detached  from 
bhe  artery.  The  inner  coat  is  always  cut  through  by  the 
surgeon  when  he  ties  a  ligature  around  an  artery,  and  the 
middle  coat  is  usually  divided  along  with  it ;  the  tough- 
ness of  the  external  coat,  however,  enables  it  to  resist  the 
application  of  the  ligature. 

The  wall  of  an  artery  is  nourished  not  by  the  blood 
which  flows  alont^  the  tube,  but  by  small  arteries  distri- 


Fio.  133.— Structure  of  a  Minute  Artery  A  and  Vein  V.  e  External  coat  or  ad 
ventitia;  m,  transversely  arranged  muscular  tissue  of  the  middle  coat.  In  the 
vein  the  endothelial  lining  may  be  seen  through  the  thin  middle  coat.  X  300 
diam. 

buted  in  its  coats,  which  arise  either  from  the  artery  itself, 
or  from  adjacent  arteries.  They  form  a  network  on  the 
surface  of  the  artery  before  entering  its  wall,  and  they 
ramify  in  the  external  and  middle  coat ;  but  it  is  doubtful 
if  any  vessels  pass  into  the  inner  coat.  They  end  in 
capillaries  from  which  veins  arise.    The  vessels  of  the 
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wall  of  an  artery  are  named  vasa  vasorum.  Lymph-vessels 
are  said  to  be  situated  in  the  outer  coat.  Nerves,  chiefly 
derived  from  the  sympathetic,  are  distributed  to  the  mus- 
cular coat  j  they  form  the  peripheral  distribution  of  the 
vaso-motor  nerves. 

The  smallest  arteries,  or  arterioles,  are  of  microscopic  size. 
They  possess  an  endothelial  lining,  a  muscular  middle 
coat,  and  an  external  adventitia ;  but  the  elastic  fenestrated 
coat  is  absent  (fig.  133).  The  muscular  coat  is  reduced  to 
a  single  layer  of  circularly  arranged  fibre-cells  ;  but  in  the 
frog,  as  Lister  has  shown,  these  fibre-cells  are  spirally 
arranged  around  the  wall  of  the  artery. 

The  elasticity  of  the  wall  of  an  artery  is  one  of  its 
most  important  physical  characters,  as  it  permits  the  artery 
to  become  distended  under  the  pressure  caused  by  the  pro- 
pulsion of  the  blood  into  the  arteries  during  the  ventricular 
contraction.  When  the  ventricle  ceases  to  contract  the 
dastic  wall  recoils  on  the  blood,  and  causes  a  continuous 
stream  through  the  capillaries.  Pulsation,  or  the  pulse,  is 
produced  by  the  regular  periodic  modifications  in  the 
calibre  of  an  artery.  Owing  to  the  muscularity  of  the 
arterial  wall,  the  lumen  of  the  tube  can  be  lessened  by  the 
contraction  of  the  circular  muscular  coat,  and  the  amount 
of  blood  supplied  to  a  part  can  be  diminished.  When  cut 
across  the  divided  end  of  an  artery  is  open  or  gapes. 
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THE  BLOOD  CAPILLAEIES. 

The  blood  capillaries  are  the  minute  tubes  which  connect 
together  the  terminal  branches  of  the  arteries  and  the 
rootlets  of  the  veins.  They  vary  in  diameter  from  j-r^xr 
to  3g\)0  inch,  and  the  finest  capillaries  are  so  narrow  that 
only  a  single  blood  corpuscle  can  lie  in  the  transverse  dia- 
meter of  the  tube.  The  structure  of  the  wall  of  a  capillary 
blood  vessel  is  very  simple.  It  consists  of  a  single  layer  of 
elongated,  squamous  endothelial  cells,  united  together  by 
their  somewhat  crenulated  margins,  so  as  to  form  the  wall 

of  the  tube.  The  outlines 
of  these  cells  can  be  de- 
monstrated after  the  addi- 
tion of  a  solution  of  nitrate 
of  sUver.  The  nuclei  of 
the  cells  are  coloured  by 
carmine,  or  can  be  seen 
after  the  addition  of 
acetic  acid.  Minute  spots 
are  sometimes  seen  be' 
tween  the  cells,  which 
have  been  interpreted  as 
orifices  or  stomata  in  the  capillary  wall,  but  the  accu- 
racy of  this  interpretation  is  very  doubtful.  The  en- 
dothelial wall  of  the  capillaries  is  continuous  with  the 
endothelial  lining  of  the  arteries  and  veins,  so  that  a  con- 
tinuity of  the  walls  of  the  blood  tubes  is  ensured.  In  maaiy 
localities,  as  the  lymph-glands  and  follicles,  the  spinal  cord, 
the  ovaries,  &c.,  the  endothelial  wall  is  invested  by  a  deli- 
cate coat  of  connective  tissue,  which  forms  a  tunica  adven- 


FiG.  134.— The  endothelial  waU 
of  the  capillaiiesof  the  retina. 
The  outlineB  of  the  cells  are 
stained  with  nitrate  of  silver. 
X300  diam. 
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titia  for  the  capillary.  This  coat  is  continuous  with  the 
connective  tissue  of  the  organ  in  which  the  capillaries  are 
situated,  and  also  with  the  adventitia  of  the  small  arteries 
and  veins  which  the  capillaries  connect  together.  Capillaries 
have  no  muscular  coat,  and  the  appearance  of  muscular 
fibre  cells  in  the  vascular  wall  indicates  the  passage  from  a 
simple  capillary  either  into  a  minute  artery  or  a  minute 
vein.  The  endothelial  wall  is  therefore  the  simple  funda- 
mental form  of  the  blood  tube,  and  the  fenestrated,  the 


Fig.  135.-Capmary  Network  in  the  Web  of  the  Foot  of  the  Frog  (from  Allen 
Thomson). 

muscular  and  the  external  coats  are  layers  superadded  as 
the  blood  tube  increases  in  structural  complexity. 

Capillaries  have  a  network  like  orplexiform  arrangement 
iu  the  organs  of  the  body,  but  the  form  of  the  network  varies 
in  different  localities,  and  is  to  some  extent  regulated  by  the 
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arrangement  of  the  tissues  of  the  organ  itself.  In  muscles, 
for  instance,  the  strands  of  the  capillary  network  are  elon- 
gated, parallel  to  and  between  the  muscular  fibres  and 
fasciculi :  in  most  glands  the  network  is  irregularly  poly- 
gonal :  around  the  lobules  of  adipose  tissue  the  spaces  of 
the  network  are  more  rounded  :  in  papillary  projections, 
like  those  of  the  skin,  or  mucous  membranes,  or  placental 
villi,  the  capillaries  are  arranged  in  the  form  of  loops, 
which  either  may,  or  may  not,  be  united  into  a  network. 

The  capillaries  lie  in  the  interstices  between  the  proper 
tissues  of  the  part  or  organ,  and  do  not  penetrate  into  the 
interior  of  the  cells  or  fibres  of  which  the  tissues  are  com- 
posed. Organs  vary  considerably  in  their  vascularity,  and 
the  vascularity  of  an  organ  depends  upon  the  relative  pro- 
portion of  the  capillaries  that  it  contains  to  the  proper 
substance  of  the  tissue  of  the  organ.  The  vascularity  of 
an  organ  is  in  relation  to  its  degree  of  functional  activity, 
and  in  infancy  and  youth  when  parts  are  actively  growing, 
their  vascularity  is  greater  than  in  adult  life,  when  the 
growth  has  ceased.  Some  structures,  as  adult  cartilage, 
the  cornea,  epithelium,  hairs,  nails,  cuticle,  and  endothe- 
lium, have  no  capillaries  passing  into  their  substance,  and 
are  therefore  non-vascular. 
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THE  VEINS. 

The  veins  are  the  vessels  which  convey  the  blood  from 
the  capillaries  back  to  the  heart,  and  in  their  course  in- 
crease in  size,  by  junction  or  anastomosis  with  each  other. 
The  rootlets  of  the  veins  spring  from  a  network  of  capil- 
lary vessels  ;  they  communicate  with  each  other  and  form 
a  venous  plexus,  from  which  larger  veins  arise.  The  veins 
in  the  body  are  more  numerous  than  the  arteries,  and 
possess  collectively  a  greater  capacity  than  the  arteries. 
In  most  of  the  veins  delicate  valves  are  found,  which 
possess  a  semilunar  form,  and  are  usually  arranged  in 
pairs,  and  a  pouch-like  dilatation  of  the  wall  of  the  vein 
is  opposite  each  segment  of  the  valve.  When  the  blood 
flows  along  the  veins  towards  the  heart,  the  valves  lie 
against  the  wall  of  the  vessel ;  but  if  pressure  be  applied 

to  a  vein  so  as  to  obstruct  the  on- 
ward flow  of  the  circulation,  then 
the  blood  passes  into  the  pouches 
between  the  wall  of  the  vein  and 
the  valve  adjacent  to  the  seat  of 
pressure,  so  as  to  force  the  seg- 
ments of  the  valve  across  the  lumen 
of  the  vein  and  stop  the  regurgi- 
tation of  the  blood.  The  valves 
are  found  especially  in  the  veins  of 
the  limbs,  where  the  circulation  is 
likely  to  be  interfered  with  either 
by  the  pressure  of  the  muscles  on 
the  veins  during  their  action,  or 
by  the  pressure  of  blood  caused  by  gravity,  and  are 
usually  seated   at  the  points  of  confluence  of  veins. 


Fig.  136.— a  Vein  cut  open  to 
sliow  a  pair  of  valves. 
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They  are  absent  in  the  veins  of  the  lungs,  of  the 
brain,  in  the  ven»  cavse  and  hepatic  vein,  and  in  the 
veins  of  several  of  the  abdominal  viscera.  Some  of  the 
veins  he  in  the  subcutaneous  fat,  and  are  called  superficial 
veins,  others  He  amidst  the  muscles,  and  form  the  deep 
veins.  The  deep  veins  usually  accompany  the  arteries, 
and  are  named  after  them ;  in  many  localities  an  artery  is 
accompanied  by  two  veins,  termed  its  vencB  comites.  Some 
of  the  deep  veins,  as  the  cranial  venous  sinuses,  do  not 
however  run  along  with  arteries.  The  superficial  veins 
do  not  accompany  arteries.  Frequent  anastomoses  take 
place  between  the  superficial  and  deep  veins. 

The  veins  are  arranged  primarily  into  two  groups — the 
Pulmonary  veins  and  the  Systemic  veins. 

PULMONAEY  GEOUP  OP  VEINS, 

The  pulmonary  group  of  veins  consists  of  the  veins 
which  convey  the  arterial  blood  from  the  lungs  to  the  left 
auricle  of  the  heart. 

Two  PuLMONAEY  VEINS  are  formed  in  each  lung  by  the 
coalescence  of  the  venous  radicles,  which  arise  from  the 
pulmonary  capillary  plexus.  They  run  to  the  root  of  the 
lung,  where  they  are  placed  anterior  to  the  pulmonary 
artery  and  bronchial  tube,  and  end  by  opening  into  the 
back  of  the  left  auricle.  The  pulmonary  veins  anastomose 
with  each  other  in  the  substance  of  the  lung.  They  are 
devoid  of  valves,  and  do  not  possess  a  greater  capacity 
than  the  pulmonary  arteries. 
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SYSTEMIC  GKOUP  OF  VEINS. 

The  Systemic  group  of  veins  consists  of  the  coronary 
venous  system ;  the  system  of  the  superior  vena  cava ;  the 
system  of  the  inferior  vena  cava ;  and  associated  with  the 
inferior  vena  cava  is  the  portal  venous  system. 

Coronary  Venous  System. 

The  Coronary  venous  system  consists  of  the  veins  of 
the  heart,  or  the  cardiac  veins. 

The  Caediac  veins  arise  from  the  capillaries  of  the 
coronary  arteries  in  the  substance  of  the  muscular  wall  of 
the  heart.  Those  which  arise  in  the  ventricles  run  on  the 
anterior  and  posterior  surfaces,  from  the  apex  to  the 
auriculo-Tentricular  groove,  where  they  open  into  the  great 
coronary  vein,  and  possess  valves  at  their  orifices.  This 
vein  runs  in  that  groove  on  the  back  of  the  heart,  where 
it  dilates  into  a  sinus — the  coronary  venous  smims— which 
opens  into  the  right  auricle,  between  the  mouth  of  the 
inferior  cava  and  the  right  auriculo-ventricular  orifice. 
Veins  from  the  waU  of  the  left  auricle  open  into  the  great 
coronary  vein,  but  the  veins  from  the  wall  of  the  right 
auricle  for  the  most  part  open  directly  into  its  cavity  at 
the  foramina  Thebesii.  One  vein  which  passes  obliquely 
from  the  wall  of  the  left  auricle  into  the  sinus  is  the 
remains  of  the  left  superior  vena  cava  of  the  embryo. 

System  of  the  Stqjerior  Vena  Cava. 
The  SuPEBiOK  or  Descending  Vena  Cava  collects  and 
conveys  to  the  right  auricle  of  the  heart  the  blood  which 
circulates  in  the  head,  neck,  upper  limbs,  and  the  walls  of 
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the  chest.  It  is  situated  in  tLo  cavity  of  the  thorax,  and 
is  formed  by  the  junction  of  the  two  brachio-cephalic  veins, 
about  opposite  the  sternal  end  of  the  first  intercostal  space. 
It  descends  on  the  right  of  the  ascending  aorta,  pierces 
the  fibrous  layer  of  the  pericardium,  and  opens  into  the 
upper  and  posterior  part  of  the  right  auricle.  Immediately 
above  the  pericardium  it  is  joined  by  the  azygos  vein  (fig. 
137).  No  valve  exists  either  in  its  course  or  at  its 
auricular  orifice.* 

The  Azygos  vein  collects  the  blood  vphich  has  been  con- 
veyed by  the  intercostal  arteries  to  the  posterior  part  of 
the  walls  of  the  chest.  It  consists  in  the  lower  part  of 
the  thorax  of  two  veins,  the  right  and  the  left  azygos. 
The  right  azygos,  or  azygos  major,  is  connected  below  with 
the  right  lumbar  veins  of  thef  wall  of  the  abdomen ;  it  enters 
the  thorax  through  the  aortic  opening  in  the  diaphragm, 
ascends  on  the  bodies  of  the  dorsal  vertebrae  to  the  right 
of  the  thoracic  duct  and  the  descending  thoracic  aorta, 
and  receives  in  its  course  the  series  of  right  intercostal 
veins.  Opposite  the  6th  or  7th  dorsal  vertebras  it  is 
joined  by  the  left  azygos  vein,  and  higher  in  the  thorax 
it  receives  the  oesoj^hageal  veins,  the  right  bronchial  vein, 

*  As  an  exception  to  this  statement,  I  may  mention  that  in 
the  year  1868  I  dissected  the  heart  of  a  man  in  which  a  semi- 
lunar valve  was  placed  at  the  mouth  of  the  superior  cava.  Shortly 
afterwards  P.  D.  Handyside  published  an  account  of  the  heart  of  a 
male  foetus,  set  6^  months,  in  which  a  semilunar  valve  was  present  at 
the  auricular  orifice  of  the  superior  cava.  In  1839  A.  P.  J.  0.  Mayer 
described  two  semilunar  valves  situated  close  together  iu  the  anterior 
cava  of  the  dromedary.  Vulpian  and  Philipeaux  had  seen  a  valve  at 
the  mouth  of  the  right  anterior  cava  in  the  heart  of  the  elephant,  and 
a  similar  observation  was  afterwards  made  by  one  of  my  former  assist- 
ants, M.Watson,  on  an  elephant's  heart  dissected  in  the  wactical 
anatomy  rooms  of  the  University  of  Edinburgh. 
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Fig.  137.— The  Great 
Systemic  Veins,  a, 
thyroid    body ;  6, 
trachea;  c,  c,  com- 
mon carotid  arteries; 
d,  d,  intemal  jugular 
veins;    e,  e,  snhcla- 
vlan  veins;  /,/,  inno- 
minate veins;  sr,  supe- 
rior vena  cava;  h,  h, 
renal  veins;   k,  in- 
ferior vena  cava ;  I, 
abdominal  aorta.  1, 
inferior  thyroid  vein ; 
2,  right  superior  in- 
tercostal vein;  3,  3, 
vena  azygos ;  4,  origin 
f  vena  azygos  from 
right  renal  vein,  and 
from  lumbar  vein  5  ; 
6,  left  superior  Inter- 
costal vein ;  7,  com- 
municating branch 
with  vena  azygos 
8, 8,  intercostal  veins 

9,  lesser  vena  azygos ; 

10,  origin  from  renal 
and  lumbar  veins 
11, 11,  thoracic  duct 
12,  receptacnlum 
chyli ;  13,  right  Ijtd- 
phatic  duct. 
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and  sometimes  the  right  superior  intercostal  vein.  When 
on  a  level  with  the  upper  border  of  the  root  of  the  right 
lung,  the  a2rygos  vein  arches  forwards  above  the  root  and 
joins  the  superior  cava.  The  left  azygos,  or  azygos  minor, 
is  connected  below  with  the  left  lumbar  veins,  or  the  left 
renal ;  it  enters  the  thorax  through  the  aortic  opening  in 
the  diaphragm,  ascends  in  front  of  the  bodies  of  the 
lower  five  or  six  dorsal  vertebrae,  receives  the  correspond- 
ing intercostal  veins,  and  runs  behind  the  aorta  to  join 
the  right  azygos  vein.  Owing  to  the  connection  below 
of  the  azygos  veins  with  the  lumbar  veins,  the  systems  of 
the  superior  and  inferior  venae  cavae  are  anatomically  con- 
tinuous with  each  other  (fig.  137).  The  azygos  vein  is 
provided  with  valves. 

The  intercostal  veins  of  the  two  or  three  upper  spaces  of 
the  right  side  join  to  form  the  rigM  superior  intercostal  vein, 
which  opens  into  the  right  brachio-cephalic  vein,  though 
sometimes  they  join  the  azygos  vein.  The  intercostal 
veins  of  the  upper  four  or  five  spaces  of  the  left  side  join 
to  form  the  left  superior  intercostal  vein,  which  usually 
opens  into  the  left  brachio-cephalic  vein,  though  it  may 
loin  the  left  azygos  vein.  The  left  bronchial  vein  ends  in 
the  left  superior  intercostal  vein. 

The  Brachio-cephalic  or  Innominate  veins  are  two  in 
number,  a  right  and  a  left.  Each  is  formed  by  the  junction, 
opposite  the  inner  end  of  the  clavicle,  of  the  subclavian  and 
internal  jugular  vein  of  its  own  side.  The  right  vein  is  short, 
and  descends  to  the  right  of  the  arteria  innominata  as  far  as 
the  sternal  end  of  the  first  intercostal  space,  where  it  is  joined 
by  the  left  brachio-cephalic  vein  to  form  the  superior  cava. 
The  left  vein,  much  longer  than  the  right,  crosses  obliquely 

2  K 


506 


ANATOMY. 


from  left  to  right  behind  the  manubrium  sterni,  between  it 
and  the  three  great  arteries  arising  from  the  transverse  part 
of  the  aortic  arch.  These  veins  have  no  valves.  Each 
brachio-cephalic  vein  has  opening  into  it :  a,  the  inferior 
thyroid  vein,  vrhich  descends  from  the  thyroid  body,  in  front 
of  and  by  the  side  of  the  trachea,  and  receives  the  inferior 
laryngeal  vein :  h,  the  internal  mammary  vein,  which  is 
formed  by  the  junction  of  the  vente  comites  of  the  internal 
mammary  artery ;  these  venae  comites  receive  small  veins 
corresponding  to  the  several  branches  of  the  artery  :  c,  the 
superior  intercostal  vein,  except  in  those  cases  in  which  this 
vein  joins  the  azygos  (fig.  137).  \ 

The  subclavian  vein  is  a  large  trunk,  formed  by  the 
junction  of  the  superficial  and  deep  veins  of  the  upper 
limb,  which  are  arranged  as  follows  :  — 

The  superficial  veins  of  the  hand  commence  at  the  tips 
and  sides  of  the  fingers,  from  whence  they  proceed  to 
the  back  of  the  hand,  beneath  the  skin  of  which  they  may 
be  distinctly  seen.  They  then  ascend  along  the  fore-arm, 
forming  three  large  veins :  the  radial,  on  the  outer  side ; 
the  tdnar,  on  the  inner ;  and  the  median,  in  the  middle  of 
the  front  of  the  fore-arm.  At  the  bend  of  the  elbow  the 
median  divides  into  two  branches,  of  which  one,  named 
median-cephalic,  joins  the  radial  to  form  the  cephalic  ;  the 
other,  named  median-basilic,  joins  the  ulnar  to  form  the  basi- 
lic vein.  Into  one  or  other  of  these  two  branches  the  surgeon 
generally  makes  an  opening  when  he  is  desirous  of  drawing 
blood  from  the  veins  of  the  arm.  The  cephalic  vein  ascends 
along  the  upper  arm,  and  a  little  below  the  clavicle  pierces 
the  fascia  to  join  the  axillary  vein.  The  basilic  pierces 
the  fascia  about  the  middle  of  the  upper  arm,  and  joins  the 
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brachial  veins  to  form  the  axillary  vein.  The  communi- 
cations between  the  superficial  and^  deep  veins  are  not, 
however,  confined  to  the  pointof  termination  of  the  former, 
but  occur  at  various  parts  of  their  course,  more  especially 
at  the  bend  of  the  elbow,  where  a  deep  median  vein  con- 
nects the  median  with  the  deep  veins  of  the  fore-arm. 

The  deep  veins  of  the  hand  commence  at  the  tips  of  the 
fingers,  and  pass  as  digital  veins  on  the  sides  of  the  fingers 
to  the  palm  of  the  hand,  in  which  two  venous  arches, 
corresponding  to  the  arterial  arches  of  the  palm,  are 
situated ;  from  these  arches  the  veins  extend  upwards  along 
the  front  of  the  fore-arm,  as  far  as  the  bend  of  the  elbow ; 
two  veins  closely  accompanying  each  of  the  arteries  of  the 
fore-arm,  and  receiving  numerous  small  veins  correspond- 
ing to  the  branches  of  these  arteries.  At  the  bend  of  the 
elbow  two  brachial  veins  result  from  the  junction  of  the 
deep  radial  and  deep  ulnar  veins  of  the  fore-arm.  The 
brachial  veins  pass  up  the  inner  side  of  the  upper  arm, 
closely  accompanying  the  brachial  artery  as  far  as  the 
arm-pit,  where  they  join  to  form,  along  with  the  superficial 
basilic  vein,  a  single  large  axillary  vein  :  they  receive  in 
their  course  small  veins  which  correspond  to  the  branches 
of  the  brachial  artery. 

The  Axillary  vein  is  a  large  vessel  which  ascends  to 
the  inner  or  thoracic  side  of  the  axillary  artery,  and  passes 
behmd  the  clavicle  and  the  subclavius  muscle,  to  become 
the  subclavian  vein,  It  receives  not  only  the  veins  which 
correspond  to  the  branches  of  the  axillary  artery,  but,  just 
before  passing  behind  the  subclavius  muscle,  it  is  joined 
by  the  superficial  cephalic  vein.  Valves  occur  in  it  and  in 
the  other  veins  in  the  upper  limb. 
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The  Subclavian  vein  is  the  direct  continuation  of  the 
axillary ;  it  courses  upwards  and  inwards  across  the  root 
of  the  neck,  and  joins  the  internal  jugular,  to  form  the 
brachio-cephalic  vein.  It  lies  anterior  and  inferior  to  the 
subclavian  artery,  and  rests  in  a  groove  on  the  upper  sur- 
face of  the  first  rib,  in  front  of  the  scalenus  anticus  muscle, 
which  separates  it  at  that  spot  from  the  artery.  It  receives 
the  vertebral  vein,  which  descends  at  the  side  of  the  verte- 
bral artery,  in  the^vertebrarterial  foramina  in  the  transverse 
processes  of  the  cervical  vertebrae,  as  far  as  the  sixth 
vertebra,  and  then  enters  the  subclavian  vein  :  it  receives 
various  spinal  veins  and  the  deeio  cervical  vein. 

The  subclavian  vein  also  receives  two  of  the  superficial 
veins  of  the  neck,  the  anterior  and  external  jugiilar 
veins. 

The  Anterior  Jugular  vein  commences  by  the  junc- 
tion of  small  rootlets  in  the  superficial  fascia  of  the  sub- 
maxillary region  :  it  descends  close  to  the  anterior  middle 
line  of  the  neck,  and  joins  either  the  subclavian  vein 
directly,  or  the  external  jugular  vein.  The  opposite  anterior 
jugulars  are  frequently  connected  together  by  a  transverse 
branch  which  passes  across  the  middle  line,  above  the 
sternum,  and  superficial  to  the  trachea. 

The  External  Jugular  vein  commences  in  the  sub- 
stance of  the  parotid  gland,  by  the  junction  of  the  temporal, 
internal  maxillary,  transverse  facial,  posterior  auricular,  and 
sometimes  the  occipital  veins,  all  of  which  correspond  to 
branches  of  the  external  carotid  artery.  It  passes  obliquely 
downwards  and  backwards  under  the  platysma  ;  but  super- 
ficial to  the  cervical  fascia  and  sterno-mastoid  muscle,  and  a 
little  above  the  clavicle,  pierces  the  fascia  and  enters  the  sub- 
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clavian  vein  :  after  it  has  pierced  tlie  fascia,  it  receives  the 
mprascaptilar  and  transversalis  colli  veins  corresponding  to 
those  branches  of  the  subclavian  artery.  A  bisegmented 
valve  occurs  in  the  course  of  the  external  jugular  vein, 
and  a  similar  valve  at  its  junction  with  the  subclavian.  J. 
Struthers  has  shown  that  the  transversalis  colli  and  supra- 
scapular veins  possess  valves, but  not  the  anterior  jugular: 
also  that  no  valves  occur  in  the  subclavian  vein,  except 
immediately  external  to  the  point  of  entrance  of  the  ex- 
ternal jugular;  but  at  the  junction  with  the  brachio-cephalic 
vein  a  two  segmented  valve  is  found. 

The  Interkal  Jugular  vein  is  the  large  vein  which 
collects  the  blood  from  the  brain,  the  face,  and  certain 
parts  of  the  neck.  It  begins  at  the  jugular  foramen,  where 
it  is  continuous  with  the  lateral  cranial  blood  sinus  in  the 
dura  mater,  and  descends  to  the  outer  side  of  the  internal 
carotid  and  the  common  carotid  arteries,  but  within  the 
same  sheath ;  behind  the  inner  end  of  the  clavicle,  it  joins 
the  subclavian  vein,  to  form  the  brachio-cephalic  vein.  J, 
Struthers  has  described  a  bi-segmented  valve  as  constantly 
present,  either  at  or  close  to  the  mouth  of  the  internal 
jugular  vein.    It  receives — 

a.  The  Facial  vein,  which  runs  down  the  side  of  the 
face,  posterior  to  and  a  little  distance  from  the  facial 
artery,  and  enters  the  internal  jugular  a  little  below  the 
posterior  belly  of  the  digastric  muscle  :  the  facial  vein  is 
joined  by  the  veins  which  correspond  to  the  branches  of 
the  facial  artery,  as  well  as  by  i^Q  frontal  vein  from  the 
forehead.  A  communicating  vein  connects  the  facial  with 
the  temporal  veins,  and,  in  cases  where  the  external 
jugular  vein  is  small,  allows  the  blood  from  the  veins, 


510 


ANATOMY. 


corresponding  to  the  cranial  branches  of  the  external  carotid 
artery,  to  flow  into  the  internal  jugular  vein. 

b.  The  Lingual  vein  conveys  the  blood  from  the  tongue 
into  the  internal  jugular  vein. 

c.  The  Pharyngeal  vein  corresponds  to  the  ascending 
pharyngeal  artery,  and  joins  the  internal  jugular. 

d.  The  Occi2ntal  vein  sometimes  joins  the  internal,  at 
others  the  external  jugular  vein. 

e.  The  Superior  Thyroid  vein  proceeds  from  the  thyroid 
body,  and  is  joined  by  the  superior  laryngeal  vein  before 
it  enters  the  internal  jugular. 

/.  A  Middle  Thyroid  vein  is  sometimes  seen  passing 
from  the  thyroid  body  to  the  internal  jugular  vein. 

The  Cranial  Venous  Blood  Sinuses  are  veins  situated 
between  two  layers  of  the  dura  mater  lining  the  interior 
of  the  cranial  cavity.  Their  general  arrangement  has  been 
described  in  the  section  on  the  membranes  of  the  brain, 
p.  217.  It  may,  however,  be  further  stated  that  these 
sinuses  are  situated,  some  in  the  mesial  plane  of  the  cavity, 
as  the  superior  longitudinal  sinus,  inferior  longitudinal 
sinus,  straight  sinus  and  occipital  sinus  :  others  laterally  to 
that  mesial  plane,  as  the  cavernous  sinus,  the  superior  and 
inferior  2yetrosal  sinuses  and  the  lateral  sinus  :  others  across 
the  mesial  plane,  as  the  circular  sinus,  which  courses  around 
the  pituitary  body,  and  opens  on  each  side  into  the 
cavernous  sinus  lying  at  the  side  of  the  body  of  the 
sphenoid  bone;  and  the  transverse  sinus  which  passes 
across  the  upper  surface  of  the  basi-occipital  and  connects 
the  two  inferior  petrosal  sinuses  (figs.  138, 139).  The  cranial 
blood  sinuses  receive  blood  from  the  brain,  orbit,  and  veins 
of  the  diploe  of  the  cranial  bones,  also  small  veins  from  the 
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dura  mater  immediately  adjacent  to  each,  sinus.  They 
are  without  valves;  but  the  superior  longitudinal  sinus  has 
an  irregular  inner  surf  ace,  owing  to  the  projection  of  fibrous 
bands  into  its  lumen. 

The  Veins  of  the  Beain  ramify  in  the  pia  mater,  and 
are  arranged  in  a  superficial  and  a  deep  group  : — 

The  superficial  veins  of  the  cerebrum  pass  out  of  the 
convolutions  into  the  pia  mater  covering  the  outer  surface 


tiG.  138.— Dura  mater  and  Cranial  Sinuse.?.  1,  Falx  cerebri ;  2,  tentorium  ;  3,  3, 
siiperior  longitudinal  sinus ;  4,  lateral  sinus ;  5,  internal  jugular  vein ;  6,  occi- 
pital sinus;  6',  torcular  Herophili ;  7,  inferior  longitudinal  sinus;  8,  veins  of 
Oalen ;  9  and  10,  superior  and  inferior  petrosal  sinuses ;  11,  cavernous  sinus  ;  12, 
circular  sinus,  which  connects  the  two  cavernous  sinuses  together ;  13,  ophthal- 
mic Toin  from  15,  the  eyeball ;  14,  crista  gaUi  of  ethmoid  bone. 

and  the  inner  face  of  the  cerebral  hemispheres,  and  open 
into  the  superior  longitudinal  sinus,  though  some  of  the 
veins  of  the  inner  face  open  into  the  inferior  longitudinal 
sinus.  The  veins  from  the  convolutions  on  the  lateral 
and  under  surfaces  of  the  cerebrum  open  into  the  cavernous, 
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petrosal  and  lateral  sinuses.  The  veins  of  the  upper 
surface  of  the  cerebellum  open  into  the  straight  sinus, 
those  of  the  under  surface  into  the  lateral  and  occipital 
sinuses. 

The  deep  veins  of  the  cerebrum  emerge  from  the  cor- 
pora striata  and  optic  thalami,  enter  the  choroid  plexuses 
which  form  tho  fringe  of  the  velum  interpositum,  and 
converge  to  the  middle  of  the  velum,  where  they  form  the 
two  veins  of  Galen.  The  veins  of  Galen  run  backwards 
close  to  the  mesial  line  oE  the  velum,  and  passing  along  with 
it  through  the  transverse  fissure  of  the  cerebrum  below  the 
posterior  end  of  the  corpus  callosum,  reach  the  tentorium 
cerebeUi,  and  enter  the  straight  sinus. 

The  Ophthalmic  veins  are  two  in  number,  a  superior 
and  an  inferior.  They  are  situated  in  the  orbit,  and  are 
formed  by  the  union  of  a  number  of  small  veins  corre- 
sponding to  the  branches  of  the  ophthalmic  artery.  The 
superior  vein  passes  backwards  through  the  sphenoidal 
fissure,  and  opens  into  the  cavernous  sinus.  The  inferior 
vein  may  have  the  same  course,  but  more  usually  it  goes 
through  the  spheno-maxillary  fissure,  and  joins  a  plexus  of 
veins  in  the  pterygoid  region,  which  serves  as  a  rootlet  for 
the  internal  maxillary  vein.  The  vena  centralis  retincE 
usually  opens  directly  into  the  cavernous  sinus.  The 
superior  ophthalmic  vein  communicates  with  the  veins  of 
the  forehead  and  with  the  angular  vein,  one  of  the  rootlets 
of  the  facial  vein,  at  the  inner  angle  of  the  orbit. 

The  Veins  of  the  Diplok  are  contained  in  canals  in  the 
diploe  of  the  cranial  bones  ;  those  which  lie  in  the  parietal 
and  occipital  bones  communicate  not  only  with  the  lateral 
and  occipital  sinuses,  but  with  the  temporal  and  occipital 
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veins,  whilst  the  veins  in  the  diploe  of  the  frontal  bone 
open  into  the  frontal  or  supra-orbital  vein. 

Though  the  intra-cranial  blood  for  the  most  part  leaves 
the  skull  through  the  lateral  sinuses  and  internal  jugular 


Sinnser^  fn  R  the  skull  to  Bho^7  tl,e  Cranial  Nerves  and  Blood 

SosZtihnrtnL  j     n"''"'^^^^  7,portiodura;  8,  portio  mollis ;  9, 

Klosso-pharyngeal ;  10,  pneumogastric ;  11,  spinal  accessory ;  12,  hypo-glossal 
If'^L'  ?    '  ^^"'^  divisions  of  fifth  nerve;  16,  knee-sliaped  ganglion 

P  ta?1  nns""^*'  "  """^  8«P<^rflcial  petrosal  nerves f  a?  occT 

^  .nnerior'  ^JT^'f  ""K^'^dinal;  c,  torcidar  Herophili;  d,  lateral  inus; 
Mnns-  i  olr.My'-'"^®"?''  P.'^™""  transverse  sinus;  cavernous 

&o?Ce^[Tro?UrS.S^  "^''''^  '"^''^"^^'^^ 

veins,  yet  certain  accessory  communications  exist  between 
the  cranial  sinuses  and  the  veins  on  the  outside  of  the 
head.    Thus  the  superior  longitudinal  sinus  communicates 
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witli  the  veins  in  the  parieto-occipital  region  of  the  scalp 
by  two  small  emissary  veins,  which  pass  through  the 
parietal  foramina;  and  each  lateral  sinus  communicates 
with  the  veins  at  the  back  of  the  head  through  the  emis- 
sary veins  which  pass  through  the   mastoid   and  the 
posterior  condyloid  foramina.    Nuhn  has  described  emis- 
sary veins,  continuous  with  the  cavernous  sinus,  as  passing 
through  the  foramen  ovale  in  the  sphenoid  to  become  con- 
tinuous with  the  middle  meningeal  vein;  Henle  states 
that  a  similar  vein  goes  through  the  foramen  lacerum ; 
and   Rektorzik  has   recorded  a  similar  vein  descend- 
ing through  the  carotid  canal  in  the  petrous  bone.  The 
occipital  sinus  communicates  with  the  posterior  spinal 
plexuses  of  veins;  the  inferior  cerebellar  veins,  or  the 
petrosal  sinuses,  join  the  venous  plexus  surrounding  the 
upper  end  of  the  spinal  cord.    The  superior  ophthalmic 
vein,  by  its  communication,  on  the  one  hand  with  the 
cavernous  sinus,  and  on  the  other  with  the  veins  of  the 
face  and  forehead,  connects  the  intra  -  cranial  with  the 
extra-cranial  venous  systems.     Seseman  maintains  that, 
whilst  the  blood  of  the  superior  ophthalmic  vein  may  flow 
into  the  cavernous  sinus,  yet  that  its  chief  outlet  is  into 
the  facial  vein.    The  middle  meningeal  veins  arise  in  the 
dura  mater,  and  leave  the  skull   through  the  foramen 
spinosum  to  serve  as  rootlets  for  the  internal  maxillary  vein. 
The  Veins  of  the  Spine  are  arranged  in  relation  to  both 
■    the  spinal  column  and  the  spinal  cord. 

The  Veins  of  the  Spinal  Column  ramify  on  the  exterior 
of  the  vertebra,  in  the  substance  of  the  vertebral  bodies, 
and  in  the  interior  of  the  spinal  canal.  The  extra-qnnal 
or  dorsal  veins  form  a  plexus  on  the  back  of  the  neural 
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arches  and  spines.  The  veins  of  the  bodies  of  the  vertehrcB 
lie  in  canals  in  the  spongy  substance  of  the  vertebral 
bodies,  and  leave  the  bone  through  foramina  on  its  surface, 
of  which  the  one  that  opens  on  the  posterior  surface  of 
the  body  is  the  best  marked.  The  veins  within  the  spinal 
canal  lie  in  the  fatty  tissue  which  separates  the  dura  mater 
from  the  bony  walls  of  the  canal,  and  are  arranged  iii  an 
anterior  and  a  posterior  longitudinal  group;  anterior 
longitudinal  spinal  veins  lie  behind  the  bodies  of  the 
vertebrae  in  the  whole  length  of  the  spinal  canal ;  the 
posterior  longitiidinal  spinal  veins  form  a  plexus  in  the 
whole  length  of  the  canal  immediately  in  front  of  the 
neural  arches. 

The  Veins  of  the  Spinal  Cord  ramify  in  the  pia  mater 
investing  the  cord,  in  which  they  form  plexuses. 

The  spinal  veins  freely  anastomose  with  each  other. 
The  veins  of  the  cord  communicate  with  the  veins  within 
the  canal  through  small  veins,  which  run  with  the  nerve 
roots  to  the  foramina  in  the  dura  mater,  through  which  the 
roots  proceed ;  whilst  at  the  upper  end  of  the  canal  they 
join  the  vertebral  and  the  inferior  cerebellar  veins,  and 
perhaps  the  petrosal  sinuses.  The  veins  of  the  vertebral 
bodies  communicate  with  the  anterior  longitudinal  veins. 
The  anterior  longitudinal  communicate  with  the  posterior 
longitudinal  veins,  with  which  they  form  a  venous  plexus  ; 
this  plexus  is  united^to  the  dorsal  spinal  veins  by  veins, 
which  pierce  the  ligamenta  subflava,  and  pass  between 
the  vertebral  laminae ;  it  freely  communicates  also  with  the 
lumbar  veins,  the  intercostal  veins,  and  the  vertebral  veins, 
by  veins  which  pass  outwards  through  the  intervertebral 
foramina. 
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System  of  the  Inferior  Vena  Cava. 

The  Inpekiok  or  Ascending  Vena  Cava  collects  aiid 
conveys  to  the  right  auricle  of  the  heart  the  blood  which 
circulates  in  the  lower  limbs,  in  the  abdominal  and  pelvic 
walls  and  viscera.    It  is  chiefly  situated  in  the  cavity  of 
the  afodomen,  and  is  formed  by  the  junction  of  the  two 
common  iliac  veins  on  the  right  side  of  the  body  of  the 
fifth  lumbar  vertebra  (fig.  140) ;  it  ascends  to  the  right, 
close  to  the  abdominal  aorta,  for  some  distance  ;  when  it 
reaches  the  under  surface  of  the  liver  it  lies  in  a  fossa  in 
that  organ,  and  is  separated  from  the  aorta  by  the  right 
crus  of  the  diaphragm ;  it  then  pierces  the  tendon  of  the 
diaphragm  and  the  fibrous  layer  of  the  pericardium,  and 
opens  into  the  lower  and  posterior  part  of  the  right  auricle. 
Except  the  Eustachian  valve  at  its  auricular  orifice,  it  is 
without  valves. 

Several  veins,  corresponding  to  branches  of  the  abdominal 
aorta,  open  directly  into  the  inferior  vena  cava;  as 
follows ; — 

The  Middle  Sacral  vein  joins  either  the  commence- 
ment of  the  cava,  or  the  left  common  iliac  vein. 

The  Ldmbar  veins  coUect  the  blood  from  the  posterior 
wall  of  the  abdomen,  and  open  into  the  posterior  wall  of 
the  inferior  cava.  As  already  described  (pp.  503,  505), 
these  veins  also  communicate  with  the  azygos  vein. 

The  Spermatic  veins  ascend  from  the  testicles,  one  in 
each  spermatic  cord,  in  which  it  forms  a  plexiform  arrange- 
ment. At  the  internal  or  deep  abdominal  ring  it  runs 
upwards  behind  the  peritoneum  and  opens  on  the  right  side 
into  the  inferior  cava,  on  the  left  into  the  left  renal  vein. 
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Fig.  140,— The  Great 
Systemic  Veins,  a, 
thyroid  todyv;  6, 
trachea;  c.  c,  com- 
mon carotid  arteries  ; 
d,  d,  internal  jugular 
veins ;  e,  e,  subcla- 
vian veins ;  /,/,  inno- 
minate veins;  ^,supe- 
rior  vena  cava;  h,  h, 
renal  veins ;  i,  in- 
ferior vena  cava; 
ahdominal  aorta.  1, 
inferior  thyroid  vein ; 
2,  light  superior  in- 
tercostal vein;  3,  3, 
vena  azygos ;  4,origln 
of  vena  azygos  from 
right  renal  vein,  and 
from  lumbar  vein  5  ; 
6,  left  superior  inter- 
costal vein;  7,  com- 
municating hranch 
with  vena  azygos  ; 
8, 8,  intercostal  veins ; 

9,  lesser  vena  azygos ; 

10,  origin  from  renal 
and  lumbar  veins; 
11, 11,  thoracic  duct; 
12,  receptaculum 
chyli ;  13,  right  lym- 
phatic duct. 


\ 
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They  possess  valves,  and,  according  to  Rivington,  both 
spermatic  veins  have  usually  valves  at  their  orifices. 

In  the  female  the  Ovarian  veins  ascend  from  the  ovaries 
and  terminate  like  the  male  spermatic  veins.  They  form 
in  each  broad  ligament  a  plexus,  which  anastomoses  with 
the  veins  of  the  uterus.  Rivington  observed  their  valves 
to  resemble  in  arrangement  those  of  the  spermatic  veins. 

The  Renal  veins  pass  almost  transversely,  one  from  the 
hilus  of  each  kidney,  into  the  sides  of  the  vena  cava.  The 
left  renal  vein  is  longer  than  the  right,  and  crosses  in  front 
of  the  abdominal  aorta.  Crisp  and  Rivington  have 
observed  valves  iu  these  veins,  especially  where  they  join 
the  inferior  cava. 

The  SuPRA-EENAL  or  Capsular  veins  lie  just  above  the 
renal,  and  proceed  from  the  supra-renal  capsules  ;  the  right 
opens  into  the  inferior  cava,  the  left  into  the  left  renal,  or 
sometimes  the  phrenic  vein. 

The  Phrenic  veins  open  into  the  inferior  cava,  close  to 
the  diaphragm. 

The  Hepatic  veins  arise  in  the  substance  of  the  liver 
from  the  capillaries  of  the  lobules ;  they  converge  to  the 
fossa  in  which  the  inferior  cava  is  situated,  and  open 
into  it. 

The  Common  Ill«lC  vein  is  formed  by  the  junction  of 
the  external  and  internal  iliac  veins.  It  commences  near 
the  sacro-iliac  joint,  and  ascends  to  the  level  of  the  disc 
between  the  fourth  and  fifth  lumbar  vertebree,  when  it 
joins  its  fellow  to  form  the  inferior  vena  cava.  As  the 
junction  takes  place  to  the  right  of  the  mesial  plane,  the 
right  vein  is  shorter  than  the  left,  and  ascends  nearly  verti- 
cally behind,  and  then  to  the  outer  side  of  the  right 
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common  iliac  artery ;  tlie  left  vein  is  at  first  to  tlie  inner  side 
of  its  artery,  and  then  ascends  behind  the  right  common 
iliac  artery. 

The  Internal  Iliac  vein  is  formed  in  the  cavity  of 
the  pelvis  by  the  junction  of  a  number  of  veins  which 
correspond  to  the  branches  of  the  internal  iHac  artery.  It 
lies  in  front  of  the  sacro-iliac  joint,  and  opposite  the  brim 
of  the  pelvis  joins  the  external  iliac  to  form  the  common 
iliac  vein.    The  iliac  veins  are  without  valves. 

The  veins  which  correspond  to  the  visceral  branches  of 
the  internal  iliac  artery  form,  in  relation  with  their  respec- 
tive viscera,  complicated  venous  plexuses.  The  prostatic 
venom  plexus  surrounds  the  prostate  gland,  and  receives 
at  its  anterior  part  the  dorsal  vein  of^the  penis,  which  enters 
the  pelvis  by  piercing  the  sub-pubic  ligament  and  does  not 
end  in  the  deep  pudic  vein.  The  prostatic  plexus  com- 
municates behind  with  the  vesical  venous  plexus,  which  is 
arranged  on  the  outer  aspect  of  the  muscular  coat  of  the 
bladder,  and  is  especially  well  marked  at  the  base  of  the 
bladder.  The  vesical  and  prostatic  plexuses  communicate 
with  the  h(Bmorr1ioidal  venous  plexus,  which  is  arranged  in 
and  around  the  wall  of  the  lower  end  of  the  rectum  and 
anal  onfice.  The  hsemorrhoidal  plexus  communicates  with 
the  superior  hemorrhoidal  vein,  which  forms  one  of  the 
rootlets  of  the  portal  system  of  veins  ;  it  also  gives  rise  to  ' 
the  middle  and  inferior  hsemorrhoidal  veins,  which  join 
the  deep  pudic  vein  of  the  internal  iliac,  and  is  thus 
brought  into  connection  with  the  system  of  the  inferior 
vena  cava.  In  the  female  a  vaginal  venous  plexus  sur- 
rounds the  wall  of  the  vagina,  and  a  uterine  venous  plexus 
IS  arranged  on  and  in  the  waU  of  the  uberus,  and  between 
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the  two  layers  of  the  broad  ligament.  The  several  venous 
plexuses  in  relation  to  the  pelvic  viscera  are  apt  to  become 
enlarged  and  gorged  with  blood,  especially  in  old  people, 
and  the  veins  of  the  lower  end  of  the  rectum  and  around 
the  anus  are  apt  to  undergo  varicose  dilatations,  named 
haemorrhoids  or  piles. 

The  External  Iliac  vein  is  directly  continuous  witli 
the  femoral  vein,  ascends  in  close  relation  to  the  exter- 
nal iliac  artery,  and  joins  the  internal  iliac  to  form 
the  common  iliac  vein.  It  receives  immediately  above 
Poupart's  ligament  the  deep  epigastric  and  deep  circumflex 
iliac  veins. 

The  Femoral  vein  is  formed  by  the  union  of  the  super- 
ficial and  deep  veins  of  the  lower  Umb,  which  are  arranged 
as  follows :— The  superficial  veins  of  the  dorsum  of  the 
foot  are  separated  from  the  deep  veins  by  the  deep  fascia. 
They  commence  by  very  fine  rootlets  arising  from  the 
capillaries  of  the  skin.  At  the  sides  of  the  toes  they  form 
the  digital  veins,  and  on  the  dorsum  of  the  foot  the  digital 
veins  form  an  arch,  from  the  inner  side  of  which  a  vein, 
caUedthe  long  saphenous,  s^vises.  This  passes  upwards  along 
the  inner  side  of  the  leg  and  thigh,  increasing  considerably 
in  size  in  its  course,  owing  to  a  number  of  veins  joining 
it  from  the  extensive  surface  of  the  skin  of  the  limb.  It 
terminates,  at  the  upper  part  of  the  thigh,  by  passing 
through  the  saphenous  opening  in  the  fascia  lata,  and  joins 
the  femoral  vein.  From  the  outer  side  of  the  venous  arch 
on  the  dorsum  of  the  foot  arises  the  external  saplmious 
vein  which  runs  behind  the  outer  ankle  and  on  the  back 
of  the  leg  to  the  ham,  where  it  pierces  the  pophteal  fascia 
to  join  the  popliteal  vein.    The  deep  veins  begin  both  on 
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the  dorsum  of  the  foot  and  in  the  sole.  Those  which 
arise  on  the  dorsum  of  the  foot  form  the  anterior  tibial 
veins,  and  accompany  the  anterior  tibial  artery;  they 
receive  a  considerable  number  of  branches  in  their  upward 
course,  which  proceed  from  the  mass  of  muscles  lying 
on  the  front  of  the  leg.  The  veins  which  begin  in  the 
sole  of  the  foot  accompany  the  plantar  arteries,  form  the 
plantar  veins,  and  then  pass  upwards,  along  the  inner 
ankle,  to  reach  the  back  of  the  leg,  along  which  they  ascend 
as  the  posterior  tibial  veins,  closely  accompanying  the 
posterior  tibial  artery,  and  receiving  in  their  course  numer- 
ous small  veins  tha^  proceed  from  the  muscles  of  the  back 
of  the  leg,  and  the  peroneal  veins.  At  the  upper  part  of 
the  leg  the  anterior  tibial  veins  pass  to  the  back  of  the 
leg,  and  join  the  posterior  tibial  veins.  The  large  popliteal 
vein,  formed  by  their  junction,  ascends  behind  the  knee- 
joint,  lying  in  the  ham,  along  with  the  popliteal  artery.  At 
the  upper  part  of  the  popliteal  space  it  passes  to  the  inner 
side  of  the  thigh,  ascends 'as  the  femoral  vein,  alongside 
of  the  femoral  artery,  as  far  as  Poupart's  ligament,  when 
it  enters  the  cavity  of  the  abdomen  and  becomes  the  external 
iliac  vein.  At  the  upper  part  of  the  thigh  the  femoral 
receives  the  profunda  vein,  corresponding  to  the  profunda 
artery  of  the  thigh,  which  conveys  the  blood  that  has  been 
carried  by  that  artery  to  the  numerous  large  and  important 
muscles  of  the  thigh.  The  femoral  vein  is  also  joined  near 
this  spot  by  the  superHcial  long  saphenous  vein,  into  which 
the  superficial  epigastric,  pudic  and  circumflex  iliac  veins 
open  immediately  before  its  termination.  Valves  exist  in 
the  femoral  and  the  other  veins  in  the  lower  limbs. 
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The  Portal  Venous  System. 
'  The  portal  system  of  veins  is  supplementary  to  tlie 
system  of  the  inferior  vena  cava,  and  is  formed  by  the 
veins  of  the  intestine,  which  correspond  to  the  inferior  and 
superior  mesenteric  branches  of  the  abdominal  aorta,  and  by 
veins  corresponding  to  the  branches  of  the  cceliac  axis  which 
go  to  the  stomach,  spleen,  pancreas,  and  gall  bladder.  It 
collects  and  conveys  the  blood  from  those  viscera  and 
from  the  several  divisions  of  the  intestinal  tube  (fig.  141). 

The  Inferior  Mesenteric  vein  arises,  as  the  superior 
hcBmorrhoidal  vein,  from  the  hsemorrhoidal  plexus  of  veins 
around  the  lower  end  of  the  rectum ;  it  ascends  behind 
the  rectum,  and  is  then  joined  by  the  sigmoid  vein.  In 
its  further  ascent  the  inferior  mesenteric  receives  the  left 
colic  vein,  and  lies  behind  the  peritoneum  to  the  left  of 
the  inferior  mesenteric  artery  ;  it  then  passes  behind  the 
pancreas  and  ends  in  the  splenic  vein. 

The  Superior  Mesenteric  vein  is  formed  by  the  junc- 
tion of  the  iho-colic,  right  colic,  and  middle  colic  veins  ;  it 
receives  the  intestinal  veins  corresponding  to  the  intestinal 
branches  of  the  superior  mesenteric  artery  and  the  right 
gastro-epiploic  vein.  It  ascends  in  the  mesentery  to  the 
ri-ht  Bide  of  the  superior  mesenteric  artery,  goes  m  front  of 
the  duodenum,  and  behind  the  pancreas,  to  join  the  splenic 
vein  and  so  form  the  portal  venous  trunk  (fig.  Ul> 

The  Splenic  vein  commences  in  the  substance  of  the 
Bpleen,  from  which  it  emerges  at  the  hilus  in  five  or  six 
divisions,  which  unite  in  the  gastro-splenic  omentum  into 
a  single  vein.  The  splenic  vein  runs  to  the  right  along 
with  the  splenic  arteiy  and  behmd  the  pancreas,  and  joms 
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the  superior  mesenteric  vein  to  form  the  portal  venous 
trunk.  It  receives  in  its  course  the  short  gastric  vein  from 
the  stomach,  the  left  gastro-epiploic  vein,  pancreatic  and 
duodenal  veins,  and  the  inferior  mesenteric  vein.  E.  Crisp 
has  described  valves  in  both  the  splenic  and  mesenteric 
veins. 

The  CoEONARY  vein  runs  along  the  small  curvature  of 
the  stomach  and  joins  the  portal  venous  trunk  near  its 
origin. 

The  Cystic  vein  proceeds  from  the  gall  bladder,  and 
joins  either  the  portal  venous  trunk  near  the  liver,  or  its 
right  branch  of  bifurcation. 

The  Portal  Venous  Teunk,  or  Portal  Vein,  is  formed 
by  the  union,  behind  the  pancreas,  of  the  splenic  and 
superior  mesenteric  veins.  It  passes  obliquely  upwards 
and  to  the  right,  between  the  two  layers  of  the  small 
omentum,  behind  and  between  the  hepatic  artery  and  com- 
mon bile  duct,  to  reach  the  transverse  fissure  of  the  liver, 
where  it  divides  into  a  right  and  a  left  branch.  These 
branches  enter  the  right  and  left  lobes  of  the  liver,  in 
which  they  divide  and  subdivide  after  the  manner  of  an 
artery,  and  end  in  the  intra-lobular  capillary  plexus,  from 
which  the  rootlets  of  the  hepatic  vein  arise. 

Although  the  portal  venous  system  is  sometimes  regarded 
as  distinct  from  the  system  of  the  inferior  cava,  except 
through  the  channel  of  communication  provided  by  the 
hepatic  vein,  yet  anastomoses  between  the  two  systems, 
do  undoubtedly  occur  in  connection  with  certain  of  their 
peripheral  ramifications.  It  has  already  been  stated 
(p.  519)  that  the  hsemorrhoidal  plexus  is  continuous  with 
the  rootlets  of  both  systems.    The  elder  Eetzius  observed 
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small  veins  from  the  duodenum  opening  into  the  inferior 
cava,  also  veins  from  the  left  colon  opening  into  the  renal 


F.a.  I41.-Diagram  of  ^^^^^^Jr^^J^^ 
riglitandleftbranche8;  4,gastuc  vein  0,1  B     ^  .^jUg  colic  veins;  10, 

vein;  7,  superior  mesenteric  vem   8  and  9,  r.^  jg  ^^pg,.,„, 

intestinal  veins,  1^ '"f«"MenterH^^^^^^  c  ' dnodenum ;  <!,  pancreas;  e, 
hemorrhoidal  vein;  a  I'^f  /*~;ding  colon;  ft,  descending  colon  ; 
spleen;  /,  coils  of  small  intes  ine  -  „  cystic  duct ;  o,  o,  hepat  e 

i,  sigmoid  flexure;  J,  ■^"':/i^^,ce7        of  duodenum;  <?,  pancreatic 
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vein.  Moreover,  he  described  a  network  of  small  veins 
lying  in  the  areolar  tissue  outside  the  peritoneum,  which 
communicated  on  the  one  hand  with  the  veins  of  the  colon, 
and  on  the  other  with  the  renal  veins,  the  pelvic  veins,  and 
other  rootlets  of  the  inferior  vena  cava.  This  network 
evidently  corresponds  with  the  extra-peritoneal  arterial  net- 
work, which  I  have  injected  and  described  in  the  same 
locality  (p.  433),  as  connecting  together  the  parietal  and 
visceral  branches  of  the  abdominal  aorta.  Schiff  and 
Luschka  have  also  described,  by  the  name  of  vena  parum- 
hilicalis,  a  small  vein,  which  is  connected  on  the  one  hand 
with  the  deep  epigastric  vein,  a  rootlet  of  the  external 
iliac,  and  on  the  other  with  the  portal  vein;  this  vein 
ascends  to  the  liver  along  with  the  round  ligament.  Cases  of 
occasional  enlargement  of  this  vein  have  been  described  by 
Monro,  Eokitansky,  Champneys,  and  others.  The  inos- 
culations described  on  p.  515  between  the  spinal  veins  and 
the  lumbar  and  intercostal  veins,  establish  a  communication 
between  the  circulation  in  the  spinal  cord  and  that  in  the 
parietes  of  the  chest  and  abdomen.  These  venous  and 
arterial  anastomoses  have  an  interest  and  importance 
in  connection  with  the  practice  of  local  blood-letting  by 
cupping  or  leeching  the  abdominal  wall. 
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Striicttire  of  the  Veins. 

Veins,  like  arteries,  are  enclosed  in  a  fibrous  sheatli. 
The  thickness  of  the  wall  of  a  vein  is  considerably  less 
than  that  of  an  artery  of  equal  size.  The  thinness  of  the 
venous  wall  enables  the  colour  of  the  blood  to  be  seen 
through  it,  so  that  veins  have  a  bluish-purple  colour. 
Veins  have  three  coats, — an  outer,  middle,  and  inner. 

The  outer  coat,  or  tunica  adventitia,  is  formed  by  an 
interlacement  of  white  and  yellow  elastic  fibres  of  con- 
nective tissue;  it  possesses  considerable  strength,  though 
it  has  no  great  thickness.  In  some  veins,  more  especially 
those  of  the  abdominal  cavity,  non-striped  muscular  fibres 
are  found  in  this  coat,  arranged  as  a  longitudinal  network. 


The  middle  coat  consists  of  non-striped  muscular  fibres, 
arranged  transversely  around  the  vein,  and  mingled  with 
these  muscular  fibres  are  white  and  yellow  elastic  fibres 
of  connective  tissue,  which  mostly  run  in  a  longitudinal 
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direction.  This  coat  is  much  thinner  than  the  middle 
coat  of  a  corresponding  artery ;  but  in  some  veins,  espe- 
cially those  of  middle  size,  it  is  thicker  in  proportion  than 
in  the  largest  sized  veins.  On  the  other  hand,  the  veins 
of  the  pia  mater,  the  venous  sinuses  in  the  dura  mater, 
the  veins  of  bones,  of  the  retina,  and  the  dilated  veins  of 
the  corpora  cavernosa,  have  no  proper  middle  coat,  and 
are  without  muscular  fibres  in  their  walls.  In  the 
smallest  veins  the  venous  rootlets,  or  venules,  possess 
muscular  fibres  arranged  transversely,  but  they  are  so 
scattered  as  not  to  form  a  continuous  middle  coat,  and  thus 
the  venules  present  a  marked  contrast  to  the  arterioles  (fig. 
142),  Eanvier  indeed  considers  that  no  definite  middle  coat 
exists  in  any  of  the  veins,  and  that  they  have  only  an 
inner  and  an  outer  coat,  in  the  latter  of  which  non- 
striped  muscular  fibres,  varying  in  number  and  direction, 
may  be  present. 

The  inner  coat,  or  tunica  intima,  possesses  a  layer  of 
endothelium  next  the  lumen  of  the  vein,  the  cells  of  whiclx 
are  polygonal  scales,  shorter  and  broader  than  those  of 
an  artery.  Outside  the  endothelium  is  an  extra-endothe- 
lial  layer  of  connective  tissue,  and  outside  that  again  a 
network  of  elastic  fibres,  which  does  not  possess  the  fenes- 
trated character.  This  coat  is  not  so  thick  as  in  the  corre- 
sponding arteries.  In  the  pulmonary  vein  it  is  said  to 
contain  non-striped  muscular  fibres.  The  valves  of  the 
veins  are  continuous  with  the  inner  coat;  they  are  covered 
by  a  layer  of  endothelium ;  the  cells  on  the  surface  of  the 
valve,  situated  next  to  the  lumen  of  the  vein,  are,  accord- 
ing to  Eanvier,  elongated  in  a  direction  corresponding  to 
the  long  axis  of  the  Vessel,  whilst  those  on  the  opposite 
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surface  of  the  valve  are  elongated  transversely.  Beneath 
the  endothelium  are  bundles  of  connective  tissue  with 
elastic  fibres,  which  are  most  distinct  at  the  attached 
border  of  the  valve. 

Veins  have  not  the  elasticity  of  arteries,  and  do  not 
pulsate.  All  veins  which  have  muscular  fibres  in  their 
coats  are  contractile.  Veins,  like  arteries,  possess  vasa 
vasorum,  and  vaso-motor  nerves  are  distributed  to  the 
muscular  tissue  in  their  walls.  When  a  vein  is  empty  or 
cut  across,  it  does  not  gape  like  an  artery,  but  collapses. 
H.  Hoyer  has  recently  pointed  out  that  at  the  tip  of  the 
digits  some  of  the  small  arterial  twigs  open  directly  into 
venous  radicles,  the  communicating  vessels  being  tortuous 
like  a  small  glomerulus. 
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Lymph-Vascular  System. 

The  lymph-vascular  system  is  an  appendage  of,  and 
supplementary  to  the  blood-vascular  system,  and  consists  of 
small  tubes  or  vessels,  the  Lymphatic  Vessels,  and  of  collec- 
tions of  Lymphoid  or  Adenoid  Tissue,  which  form  Lym- 
phoid Organs.  It  is  sometimes  called  the  Absorbent 
System,  as  it  plays  an  important  though  not  an  exclusive 
part  in  absorbing  materials  which  have  to  be  transmitted 
to  the  blood,  but  the  blood  capillaries  themselves  are  also 
directly  concerned  in  absorption. 

LYMPHATIC  VESSELS. 

The  Lymph  Vessels,  or  Lymphatics,  are  tubes  with  deli- 
cate transparent  walls,  which  convey  the  fluid  called  lymph 
and  chyle.  They  arise,  in  the  form  of  microscopic  networks, 
in  the  connective  tissue  on  the  surface  and  in  the  substance 
of  the  parts  and  organs  of  the  body,  and  they  terminate 
by  joining  the  large  veins  at  the  root  of  the  neck,  so  that 
their  contained  fluid  flows  into  the  blood  towards  the 
heart.  They  resemble  veins  in  having  a  course  from  peri- 
phery to  centre ;  in  possessing  valves,  which  are  generally 
two  in  number  and  semilunar  in  shape,  and  in  being 
divided  into  superficial  and  deep  lymphatic  vessels.  In 
the  limbs  and  axial  parts  of  the  body  the  superficial 
lymphatics  are  situated,  like  the  superficial  veins,  in  the 
subcutaneous  tissue;  whilst  the  deep  lymphatics  accom- 
pany the  arteries  and  deep  veins.  But  the  internal 
viscera  also  possess  a  superficial  and  a  deep  set  of  lym- 


530 


ANATOMY. 


pliatics,  the  superficial  being  situated  next  the  investing 
coat  of  the  organ,  whilst  the  deep  are  situated  along  with 
the  blood-vascular  trunks  in  its  substance.  Lymphatics 
differ  from  veins  in  possessing  in  their  course  glandular 
enlargements,  the  lymph  glands ;  in  having  thinner  coats ; 
in  being  almost  uniform  in  size  and  much  smaller  than 
the  veins ;  in  not  as  a  rule  uniting  into  larger  vessels  as 
they  pass  onwards  in  their  course;  and  in  conveying  lymph 
and  not  blood.    They  are  for  the  most  part  fine  thread-like 
tubes,  and  their  main  trunk,  the  thoracic  duct,  is  not  bigger 
than  a  crowquill.    From  the  number  of  valves  in  these 
vessels,  they  present,  when  distended  with  fluid,  a  beaded  or 
moniliform  appearance.  The  lymph-vessels  are  divided  into 
lacteal  or  chyle  vessels  and  proper  lymphatic  vessels.  .; 

Distribution  of  the  Lacteal  or  Chyle  Vessels. 

The  Lacteal  or  Chyle  vessels  are  limited  to  the 
intestine  and  its  mesenteric  folds,  and  are  named  from  the 
milk-like  chyle  which  they  contain.     They  principally 
arise  in  the  minute  processes  called  intestinal  villi,  which 
project  from  the  free  surface  of  the  mucous  membrane  of 
the  smaU  intestine  into  the  canal  of  the  bowel  The 
lacteals  from  adjacent  vilU  unite  and  form  a  network  in 
the  submucous  coat  of  the  intestine,  from  which  larger 
lacteals  arise,  which  pierce  the  muscular  coat.  Imme- 
diately beneath  the  serous  coat  a  longitudinal  network 
exists  which  communicates  with  the  deeper  lacteals.  From 
these 'networks  larger  lacteals  proceed,  which  enter  the 
mesentery  and  ascend  between  its  folds  to  its  root  of 
attachment  at  the  posterior  wall  of  the  abdomen,  where, 
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opposite  the  body  of  the  first  lumbar  vertebra,  they  enter 
the  receptacukim  chyli  or  dilated  commencement  of  the 
thoracic  duct. 

As  the  lacteals  ascend  in  the  mesentery  they  pass 
through  a  number  of  bodies,  about  the  size  of,  or  some- 
what larger  than,  flattened  peas,  called  the  mesenteric 
glands,  and  as  they  unite  in  their  ascent,  they  diminish  in 
numbers  and  form  larger  vessels  than  when  they  emerged 
from  the  coats  of  the  bowel. 

Similar  vessels,  though  fewer  in  number,  arise  in  the 
mucous  membrane  of  the  large  intestine,  but  not  in  intes- 
tinal villi.  They  also  ascend  to  join  the  thoracic  duct, 
and  pass  through  glands  similar  to  those  within  the 
mesentery. 

Distribution  of  the  Proper  Lyrr\,phatic  Vessels. 

The  Proper  Lymphatic  Vessels  are  situated  in  the  other 
parts  of  the  body  than  ^the  intestine  and  its  mesenteric 
folds.  By  their  junction  with  each  other  they  form  two 
lymphatic  trunks,  named  the  thoracic  duct  and  the  right 
lymphatic  duct. 

The  Thoracic  Duct  commences  in  the  cavity  of  the 
abdomen  about  opposite  the  body  of  the  first  or  second 
lumbar  vertebra,  where  it  forms  a  dilatation,  the  recepta- 
cuhim  chyli,  which  receives  not  only  the  lacteal  vessels, 
but  the  lymphatics  from  the  other  abdominal  viscera,  from 
the  abdominal  walls,  and  from  the  lower  limbs.  The 
thoracic  duct  passes  through  the  opening  in  the  diaphragm 
which  transmits  the  aorta,  ascends  in  front  of  the  bodies 
of  the  dorsal  vertebrae,  at  first  to  the  right  of  the  aorta,  and 
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Fig.  143— The  Great 
Systemic  Veins,  a, 
tliyi-oid    Ijody;  b, 
trachea;    c.  c,  com- 
mon carotid  arteries ; 
d,  d,  internal  jugular 
veins ;  e,  e,  sn'ocla- 
vian  veins ;  /,/,  inno- 
minate veins;  (/,supe- 
rlor  vena  cava ;  ft,  A, 
renal  veins;  i,  in- 
ferior vena  cava;  I, 
ahdominal  aorta.  1, 
inferior  thyroid  vein ; 
2,  right  superior  in- 
tercostal vein;  3,' 3, 
venaazygos;  4,origin 
■  of  vena  azygos;  from 
right  renal  vein,  and 

5,  from  lumhar  vein  ; 

6,  left  superior  inter- 
costal vein ;  7,  com- 
municating branch 
with  vena  azygos ; 
8, 8, intercostal  veins; 

9,  lesser  vena  azygos ; 

10,  origin  from  renal 
and    lumbar  veins; 

11,  11,  thoracic  duct; 

12,  receptaculum 
chyli ;  13,  right  lym- 
phatic duct. 
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then  iacliaes  behind  tlie  arch  and  reaches  the  left  side  of 
the  oesophagus,  at  the  side  of  which  it  ascends  to  the  root 
of  the  left  side  of  the  neck.  In  its  course  in  the  thorax 
it  receives  the  deep  lymphatics  of  the  left  half  of  the  chest, 
and  at  the  root  of  the  neck  on  the  left  side  it  is  joined 
by  the  deep  and  superficial  lymphatics  of  the  left  upper 
limb  and  left  side  of  the  head  and  neck,  and  opens  into  the 
internal  jugular  or  the  subclavian  vein,  or  at  the  angle  of 
junction  between  them.  This  duct  conveys,  therefore,  the 
chyle  during  digestion,  and  the  lymph  contained  in  the 
lymph-vessels  below  the  diaphragm  and  in  the  lymph- 
vessels  situated  to  the  left  side  of  the  mesial  plane  in  the 
parts  of  the  body  above  the  diaphragm.  The  thoracic 
duct  contains  numbers  of  valves  in  its  course,  and  a  two- 
segmented  valve  occurs  at  its  junction  with  the  jugular 
vein,  which  prevents  the  blood  from  flowing  from  the  vein 
into  the  duct. 

The  Right  Lymphatic  Duct  is  much  smaller  than  the 
thoracic  duct.  It  is  situated  on  the  right  side  of  the 
root  of  the  neck,  and  is  formed  by  tbe  junction  of  some  of 
the  lymph-vessels  of  the  right  half  of  the  thoracic  cavity, 
with  those  of  the  right  upper  limb  and  right  side  of  the 
head  and  neck.  It  joins  the  great  veins  at  the  angle  of 
union  of  the  right  internal  jugular  with  the  right  subclavian, 
and  a  two-segmented  valve,  which  prevents  the  flow  of 
blood  into  it,  is  situated  at  its  orifice. 

The  Lymphatics  of  the  Uppek  Limb  are  arranged  in  a 
superficial  and  a  deep  set.  ^  The  superficial  lymph-vessels 
ansa  in  the  fingers  as  digital  lymphatics,  and  from  the 
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skin  of  the  back  of  the  hand  and  palm.  From  the  hand 
they  ascend  to  the  fore  arm,  and  then  run  along  the 
upper  arm  to  the  axilla,  where  they  enter  the  axillary 
glands.  In  the  superficial  fascia,  immediately  above  the 
internal  condyle  of  the  humerus,  one  or  two  lymphatic 
glands  are  found  in  the  course  of  the  superficial  lymph 
vessels. 

The  deep  lymphatics  ascend  from  the  palm  and  accom- 
pany the  radial,  ulnar  and  interosseous  arteries  in  the  fore 
arm.     In  the  upper  arm  they  accompany  the  brachial 
artery,  and  with  it  enter  the  axilla.    The  axillary  lymph- 
glands,  about  twelve  in  number,  lie  in  the  fat  of  the  axilla, 
and  to  them  the  deep  and  superficial  lymph-vessels  of 
the  upper  limb  proceed.    Along  the  course  of  the  deep 
brachial  lymphatics  some  small  lymphatic  glands  are 
sometimes  seen.    In  addition  to  the  lymph-vessels  of  the 
upper  limb,  the  axillary  glands  receive  superficial  lym- 
phatics from  the  anterior  thoracic  wall  and  the  mam- 
mary gland,  and  the  superficial  lymphatics  of  the  back. 
From  the  axillary  glands  lymph  vessels  proceed,  which 
accompany  the  subclavian  artery  and  join  on  the  left 
side  the  thoracic  duct,  on  the  right  side  the  right  lym- 
phatic duct. 

The  Lymphatics  of  the  Head  and  Neck  are  arranged 
in  a  superficial  and  a  deep  set.  The  superficial  lymphatics 
of  the  face  accompany  the  facial  vein  to  the  submaxillary 
region;  whilst  the  superficial  lymphatics  of  the  cranium 
run  along  with  the  occipital  and  temporal  blood-vessels  to 
the  back  and  side  of  the  neck.  Deep  lymphatics  accom- 
pany the  internal  maxillary  vein  from  the  deep  parts  of 
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the  face ;  deep  lymphatics  proceed  from  the  pia  mater  and 
arachnoid  membrane  and  leave  the  skull  along  with  the 
internal  jugular  vein.    In  the  neck  superficial  lymphatics 
are  placed  beneath  the  skin,  and  deep  lymphatics  proceed 
from  the  pharynx,  larynx,  tongue,  &c.    The  lymphatics, 
both  of  the  head  and  neck,  converge  towards  the  region  of 
the  sterno-mastoid  muscle,  and  communicate  with  numer- 
ous cervical  lymphatic  glands  arranged  so  as  to  form  a 
chain    connected   by  interglandular  lymph-vessels,  and 
termed   the  glanduloe   concatinatce.     These   glands  lie 
under  cover  of  the  sterno-mastoid,  and  from  their  lower 
ends  lymph-vessels  proceed  which  join  on  the  right  side 
the  right  lymphatic  duct ;  on  the  left  side  the  thoracic 
duct.   Lymphatic  glands  occur  in  the  submaxillary  region, 
also  superficial  to  the  parotid  gland,  and  in  close  relation 
to  the  occipital  artery,  where  it  pierces  the  trapezius  to  reach 
the  back  of  the  scalp. 

The  Lymphatics  of  the  Thoeax  are  situated  in  both 
the  thoracic  walls  and  in  the  viscera.  The  superficial 
lymphatics  of  the  walls  pass,  as  already  stated,  into  the 
axilla,  to  enter  the  axillary  glands.  The  deep  lymphatics 
of  the  walls  accompany  the  internal  mammary  and  inter- 
costal arteries,  and  in  their  course  pass  through  lymphatic 
glands.  Those  which  accompany  the  internal  mammary 
arteries  are  in  connection  with  the  sternal  or  anterior 
mediastinal,  glands,  and  end  on  the  right  side  in  the  right 
lymphatic  duct,  on  the  left  side  in  the  thoracic  duct. 
Those  which  accompany  the  series  both  of  right  and  left 
intercostal  arteries  end  in  the  thoracic  duct. 

The  Lympliatics  of  the  Lungs  form  a  superficial  set 
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beneatli  the  pleura,  and  a  deep  set  accompanying  the 
bronchus  and  the  pulmonary  blood-vessels.  They  pass 
from  the  lung  at  its  root  and  enter  the  bronchial  glands, 
which  form  a  large  cluster,  both  at  the  root  of  the  lung  and 
in  the  angle  of  bifurcation  of  the  trachea.  From  the 
bronchial  glands  lymph-vessels  proceed,  which  on  the  right 
side  join  the  right  lymphatic  duct,  on  the  left  the  thoracic 
duct. 

The  Lymphatics  of  the  Heart  accompany  the  coronary 
blood-vessels,  and  form  at  the  base  of  the  heart  a  right 
and  a  left  trunk,  each  of  which  ascends  in  relation  to  the 
trachea  ;  the  right  to  end  in  the  right  lymphatic  duct,  the 
left  in  the  thoracic  duct.  In  their  course  they  pass  through 
lymphatic  glands. 

The  Lymphatics  of  the  CEsopiliagus  are  said  to  form 
only  a  single  set,  situated  in  the  submucous  coat; 
they  leave  the  oesophagus  and  pass  through  lymphatic 
glands  situated  around  the  tube,  and  end  in  the  thoracic 
duct. 

The  Lymphatics  of  the  Thymus  gland  are  numerous  in 
infancy  and  childhood,  and  have  been  traced  by  Astley 
Cooper  into  the  internal  jugular  veins. 

The  Lymphatics  op  the  Abdomen  are  situated  in  both 
the  abdominal  walls  and  in  the  viscera. 

The  superficial  lymphatics  of  the  anterior  abdo- 
minal wall  descend  to  join  the  inguinal  lymphatic 
glands  situated  in  the  groin  immediately  below  Poupart's 
ligament. 

The  deep  lymphatics  of  the  wall  run  along  with  the 
internal  and  external  iliac  arteries  and  their  branches ; 
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tliey  have  numerous  iliac  lympatic  glands  connected  with 
them.  They  ascend  alongside  of  the  aorta  and  inferior 
vena  cava,  passing  through  numerous  lumbar  lym-phatic 
glands  in  their  course,  diminish  in  number  but  increase 
in  size,  and  opposite  the  second  lumbar  vertebra  unite  to 
form  the  commencement  of  the  thoracic  duct.  The  iliac  and 
lumbar  lymphatic  glands  receive  numerous  lymph-vessels 
from  the  pelvic  walls,  the  iliac  foss£e,  and  the  muscles  of 
the  loins. 

The  Lymphatics  of  the  Abdominal  Viscera  proceed  from 
the  stomach,  spleen,  pancreas,  liver,  supra-renal  capsules, 
kidneys,  bladder,  prostate  gland,  vesiculsE  seminales  and 
testicles,  and  in  the  female  from  the  ovaries,  uterus,  and 


vagma. 


In  the  hollow  viscera,  as  the  stomach  and  uterus,  they 
are  arranged  in  two  sets,  a  superficial  beneath  the  serous 
coat,  a  deep  in  the  submucous  coat.  The  lymphatics  of 
the  stomach  leave  that  organ  along  with  the  blood-vessels ; 
some  join  -the  lymphatics  from  the  spleen,  others  the 
lumbar  lymphatics,  others  one  of  the  larger  lacteals  before 
it  enters  the  receptaculum  chyli.  The  lymphatics  of  the 
uterus  receive  those  from  the  ovaries  and  vagina ;  whilst 
some  accompany  the  ovarian  arteries  to  join  the  lumbar 
lymphatic  glands,  others  pass  to  the  glands  and  lymph- 
vessels  which  accompany  the  internal  iliac  artery.  The 
lymphatics  of  the  bladder  and  vesicul^  seminales  also  enter 
the  internal  iliac  glands  and  lymph- vessels. 

In  the  solid  viscera  the  lymphatics  are  arranged  in  two 
sets.  ^  The  stiperfidal  are  situated  in  relation  to  the  tunica 
propria  of  the  organ ;  the  deep  accompany  the  blood- 
vessels which  pass  into  its  substance.    The  lymphatics  of 
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the  pancreas  join  those  from  the  spleen,  and  the  splenic 
lymphatics  accompany  the  splenic  artery,  and  join  the 
lumbar  lymphatics.  The  lymphatics  of  the  liver  have 
different  modes  of  termination ;  those  from  the  upper 
surface  communicate  with  the  lymphatics  which  accompany 
the  internal  mammary  arteries;  those  from  the  under 
surface  join  the  commencement  of  the  thoracic  duct ; 
whilst  the  deep  lymphatics  leave  the  liver  at  the  transverse 
fissure  and  join  one  of  the  larger  lacteals  before  it  opens 
into  the  receptaculum  chyli.  The  lymphatics  of  the 
supra-renal  capsules  join  those  of  the  kidneys,  and  the 
renal  lymphatics  open  into  the  lumbar  chain  of  lymphatic 
glands.  The  lymphatics  of  the  testicles  ascend  along  with 
the  spermatic  blood-vessels,  and  enter  the  lumbar  chain  of 
glands. 

The  Lymphatics  of  the  Lower  Limb  are  arranged  in 
a  superficial  and  a  deep  set.  The  superficial  lymph-vessels 
arise  in  the  toes,  and  on  the  dorsal  and  plantar  surfaces 
of  the  foot ;  they  ascend  to  the  leg,  and  accompany  the 
internal  and  external  saphenous  veins.  Those  which  run 
up  the  back  of  the  leg  in  part  pierce  the  popliteal  fascia 
along  with  the  external  saphenous  vein,  and  join  the  deep 
popliteal  lymphatics ;  but  the  others  extend  to  the  inner 
side  of  the  knee,  and  ascend  along  with  the  superficial 
lymphatics,  which  accompany  the  internal  saphenous  vein, 
on  the  anterior  surface  of  the  thigh  as  far  as  the  groin, 
where  they  enter  the  femoral  group  of  lymphatic  glands. 
The  superficial  glands  of  the  groin  are  eight  or  ten  in 
number,  and  lie  in  the  superficial  fascia.  It  is  customary 
to  arrange  them  iu  two  groups:  an  inferior,  lying  paraUel 
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to  the  internal  saphenous  vein,  named  femoral  glands,  and 
a  superior,  lying  parallel  to  and  immediately  below 
Poupart's  ligament,  named  inguinal  glands.  The  femoral 
glands  receive  the  superficial  lymph-vessels  which  ascend 
along  the  thigh.  The  inguinal  glands  receive  the  super- 
ficial lymph-vessels  from  the  outside  of  the  thigh,  the 
anterior  abdominal  wall,  and  the  organs  of  generation. 
From  both  sets  of  glands  lymph-vessels  proceed  which 
perforate  the  fascia  lata,  at  and  near  the  saphenous  open- 
ing, and  join  the  deep  lymphatics  of  the  limb. 

The  deep  lymph-vessels  of  the  lower  limb  ascend  from 
the  sole  and  dorsum  of  the  foot,  along  with  the  anterior 
and  posterior  tibial  and  the  peroneal  arteries.    In  the 
popliteal  space  they  enter  lymphatic  glands  situated  in 
close  relation  to  the  popliteal  artery.    From  these  glands 
efferent  vessels  emerge,  and  ascend  along  with  the  femoral 
artery  to  reach  the  deep  lymphatic  glands  of  the  groin, 
where  they  are  joined  by  the  efferent  vessels  from  the 
superficial  glands.    They  then  ascend  on  the  inner  side  of 
the  femoral  vein,  through  the  crural  canal,  or  innermost 
compartment  of  the  femoral  sheath,  enter  the  abdominal 
cavity,  and  become  continuous  with  the  deep  lymph-vessels 
and  glands  which  accompany  the  external  iliac  artery. 

Structure  of  the  Lymphatic  Vesseh. 

The  lymphatic  vessels  consist  of  vessels  that  can  be  seen 
with  the  naked  eye,  and  of  lymph  capiUaries. 

The  Larcfer  Lymphatics  have  in  many  respects  the 
structure  of  veins,  and  like  them  possess  three  coats.  Th« 
outer  coat  consists  of  white  fibrous  tissue,  intermingled 
with  elastic  fibres,  and  a  few  bundles  of  non  striped  mus. 
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cular  fibre.  The  middle  coat  is  formed  of  circularly 
arranged  non-striped  muscular  fibre,  intermingled  witli 
elastic  fibres.  The  inner  coat  consists  on  its  free  surface 
of  a  layer  of  elongated,  flattened,  endothelial  cells,  outside 
which  is  a  layer  of  elastic  fibres  arranged  longitudinally. 
The  valves  of  the  lymphatics  are  simple  folds  of  the  inner 
coat.  They  usually  consist  of  two  semilunar  segments, 
lying  side  by  side.  They  occur  much  more  frequently 
than  in  the  veins,  and  as  the  wall  of  the  lymphatic  has  a 
slight  sinus  or  bulging  opposite  each  valve,  the  vessel, 
when  distended,  has  a  beaded  or  moniliform  appearance. 

The  Lym2)h  Cajnllaries  lie  between  the  tissues  of  the 
organs  in  which  they  are  situated.    They  are  arranged  in 

a  network  or  plexiform 
manner,  the  meshes  of 
which  are  polygonal. 
The  capillary  wall  is 
formed  of  a  single  layer 
of  elongated,  flattened, 
endothelial   cells,  the 
^  outlines  of  which  can 
be  stained  on  the  ad- 
dition of  a  solution  of 
nitrate  of  silver.  The 
lymph  capillaries,  where 

r.,f,  1^4  —Lymph  Capillaries  and  finer  lympha-  they  paSS  into  the  larger 

'^^^r^^'^^'^^^^r  lymph -vessels,  differ 
I^. from  the  blood  capil- 
laries in  possessing  indications  of  a  beaded  or  varicose 
appearance,  due   apparently  to  an  imperfect  valvular 
arrangement  in  the  interior  of  the  tube. 
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Origin  of  the  Lymphatic  Vessels. 

The  mode  of  origin  of  the  lymphatic  vessels  is  a  difficult 
subject  of  study,  and  has  long  been  a  disputed  question 
amongst  anatomists.  In  the  intestinal  villi  they  are 
capillary  tubes,  which  come  apparently  to  a  blind  termi- 
nation near  the  free  end  of  the  villus,  though  some  ob- 
servers have  supposed  that  they  are  continuous  with  a 
minute  network  in  the  basis  substance  of  the  villus,  and 
through  it  with  the  deeper  ends  of  the  epithelial  cells 
covering  the  villus. 

In  the  skin,  the  mucous  and  submucous  tissues,  the 
tendons,  and  other  forms  of  connective  tissue,  lymph- 
capQlaries  form  at  their  origin  a  compact  polygonal  network, 
which  is  apparently  continuous  with  spaces  in  the  connec- 
tive tissue,  situated  either  between  its  bundles  or  surround- 
ing the  connective  tissue  corpuscles.  These  spaces  have 
been  termed  the  juice  or  plasma  canals;  they  are  not 
vessels  in  the  proper  sense  of  the  word,  but,  as  it  were, 
microscopic  chinks  in  the  tissue.  They  communicate 
freely  with  each  other,  and  apparently  with  the  lymph 
capillaries.  It  is  an  open  question  if  these  plasma  passages 
possess  any  other  boundary  than  that  of  the  elements  of 
the  tissue  in  which  they  are  situated,  though  some 
observers  have  described  them  as  lined  by  a  layer  of 
endothelium.  These  plasma  passages  provide  an  arrange- 
ment by  means  of  which  the  tissues  can  be  permeated  by 
a  nutritive  fluid  derived  from  the  liquor  sanguinis,  and 
afford  room  for  the  wandering  colourless  corpuscles  which 
have  migrated  out  of  the  blood-vessels.  T.  A.  Carter  has 
mjccted  from  the  blood-vessels  an  extremely  minute  net- 
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work  in  tlie  tissues,  the  strands  of  which  are  not  more 
than  ^3^0  0  to  g-^th  of  an  inch  in  diameter ;  he  names  it 
the  diaplasmatic  network,  and  it  is  apparently  the  juice 
passages  just  referred  to. 

By  Virchow  and  others  it  has  been  thought  that  the 
connective  tissue  corpuscles  are  continuous  with  the  lymph 
capillaries,  and  these  also  have  been  named  juice  canals. 

In  some  localities,  as  around  the  solitary  and  Peyer's 
glands,  as  well  as  around  the  glands  of  Brunner  and  other 
acinous  glands,  the  lymph  capillaries  at  their  origin  have 
not  the  form  of  cylindrical  tubes,  but  are  dilated  into 
irregularly-shaped  spaces,  lined  by  an  endotheUum.  Around 
the  arteries  of  the  pia  mater,  both  external  to  and  in  the 
substance  of  the  brain  and  spinal  cord,  are  situated  lymph- 
spaces,  in  the  form  of  hollow  cylinders,  and  termed  the 
peri-vascular  canals;  and  a  similar  arrangement  has  been 
seen  around  the  small  vessels  at  the  border  of  the  cornea. 

In  the  sub-endotheHal  tissue  of  the  serous  membranes 
a  close  network  of  lymph  capQlaries  is  situated,  which,  as 

Recklinghausen  pointed  out, 
communicate  with  the  serous 
cavity  through  small  open- 
ings, or  stomata,  on  its  sur- 
face.    These  openings,  as 
has  already  been  described 
(p.  140),  are  surrounded  by 
''U^:^^.^^^^  polygonal,  distinctly  nucleat- 
X^l^Tnlt^'^t^!^^^^^^      ed  cells,  with  granular  con- 
^n-^stie^isitr'oVJv^eS?^^^^  which  differ  in  ap- 

puatic  vessel,  wter  Iae^n.)  pg^^ance  from  the  ordinary 

endothelial  covering  of  the  serous  membrane.    The  serous 


ORIGIN  OF  LYMPHATICS. 


543 


cavities  have,  therefore,  been  regarded  as  great  lymph 
spaces  freely  communicating  with  the  lymph-capiUaries, 
But  the  fluid  which  the  serous  cavities  contain  is  not  lymph 
in  the  proper  sense  of  the  word,  but  a  thin  serum,  in  which 
a  few  lymph  corpuscles  may  be  suspended.  In  the  view  that 
the  serous  cavities  are  lymph  spaces  they  may  be  regarded 
as  affiliated  to  the  lymph-lacuuEe  of  the  lower  vertebrata. 
In  the  frog,  for  example,  spaces  exisb  in  the  subcutaneous 
region,  which  communicate  with  the  lymphatic  system,  and 
in  the  same  animal  the  aorta  and  other  large  arteries  are 
enclosed  in  perivascular  lymph  spaces. 

The  thoracic  duct  and  the  right  lymphatic  duct  are,  as 
already  described,  the  great  channels  of  communication 
between  the  lymphatics  and  the  veins,  but  other  smaller 
connections  have  also  been  described  in  the  human  body. 
Wutzer  saw  in  one  subject  two  offshoots  from  the  thoracic 
duct  opening  into  the  vena  azygos.  Nuhn  has  observed 
lymph-vessels  opening  into  the  renal  veins  and  inferior 
cava ;  and  Petrel  has  seen  lymphatics  communicating  with 
the  portal  vein,  renal  veins,  and  vena  azygos.  It  is  possible 
that  these  smaller  communications  may  enlarge  and  serve 
as  important  channels  for  the  flow  of  lymph  arid  chyle  into 
the  blood,  in  cases  where  the  thoracic  duct  has  become 
obliterated  by  pressure  from  an  aneurism  of  the  thoracic 
aorta. 

It  may  be  stated,  that  in  amphibians,  reptiles,  and  some 
birds,  pulsating  vesicles,  with  muscular  walls,  named 
lymphatic  hearts,  occur  in  connection  with  the  termination 
of  the  lymph-vessels  in  the  venous  system,  and,  by  their 
contraction,  drive  the  lymph  into  the  veins.  No  lymph 
hearts  have,  however,  been  found  in  the  mammalia. 
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Two  sets  of  capillary  vessels  occur  in  tlie  tissues  and 
organs,  tlie  blood  capillaries  and  the  lympli  capillaries. 
The  network  of  lymph  capillaries  is  not  continuous  with 
or  even  in  contact  with  the  network  of  blood  capillaries, 
but  the  lymph  capillaries  lie  in  the  meshes  of  the  blood 
capillary  network,  and  are  separated  from  them  by  inter- 
vening tissue  elements.  The  blood  which  flows  into  the 
blood  capillaries  from  the  arterial  system  is  for  the  most 
part  conveyed  directly  onwards  into  the  veins ;  but  from 
the  pressure  to  which  the  blood  is  subjected,  in  part 


Fig.  146.  -Diagram  of  the  relation  of    Yi(Jed    bv    means     of  the 
tlie  Blood  and  Lymph  Capillaries  •' 


there  is  only  one  channel,  viz.,  the  arterial,  for  conveying 
pabulum  to  the  tissues  of  an  organ,  there  are  two 
channels,  viz.,  the  venous  and  lymphatic,  for  conveying 


its  liquor  sanguinis,  with 
perhaps  some  white  cor- 
puscles, transudes  through 
the  delicate  coats  of  the 
capillaries  into  the  tissues. 
That  which  is  required  for 
the  nutrition  of  the  tissue  is 
applied  to  that  purpose. 
That  which  is  not  needed 
would  accumulate  in  the 
tissues,  were  it  not  that 
a  drainage  system  is  pro- 


amidst  tlie  tissues.  A,  small  artery; 
6c,  blood  capillaiy  network,-  Ic, 
lymph  capillai-y  network ;  v.  vein ;  L, 
lymphatic.  The  aiTOws  indicate  the 
coiirae  of  the  blood  and  of  the 
lymph  stream.  Tlie  spaces  between 
the  capillaries  of  the  two  networks 
are  occupied  by  the  tissue  of  the 
part. 


plasma'channels,  whch  con- 
vey it  into  the  lymph  capil- 
laries, and  from  them  it  is 
transmitted  into  the  larger 
lymph  vessels.  Hence,  while 
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the  unemployed  part  of  that  pabulum,  back  to  the 
central  part  of  the  circulatory  apparatus.  Under  some 
pathological  conditions,  the  blood  serum  transudes  in  such 
quantities  into  the  tissues  that  it  cannot  be  conveyed  away 
by  the  drainage  system,  so  that  it  occasions  an  oedema,  or 
a  dropsical  accumulation  in  the  part. 


LYMPHOID  ORGANS. 

In  many  parts  of  the  body  round,  colourless  cells,  resem- 
bling the  corpuscles  of  lymph,  or  the  white  corpuscles  of 
the  blood,  are  either  infiltrated  into  the  meshes  of  the  con- 
nective tissue,  ^  or  are  collected  into  masses  visible  to  the 
naked  eye.  These  may  appropriately  be  called  Lymphoid 
Organs.  Not  unfrequently  these  organs  are  situated  as 
node-like  swellings  in  the  course  of  the  lymphatic  vessels, 
and  are  invested  by  definite  capsules,  when  they  are  known 
as  Lymphatic  Glands.  At  other  times  they  are  not  separated 
from  the  surrounding  connective  tissue  by  a  definite 
capsule,  and  apparently  are  not  situated  in  the  direct 
course  of  lymphatic  vessels,  though  a  network  of  lymph- 
capillaries  may  lie  around  them,  when  they  are  termed 
Lymph  Follicles. 
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LYMPH  FOLLICLES. 

The  Lymph  Follicles  are  especially  found  in  connection 
with  the  mucous  lining  of  the  alimentary  canal,  and  occur 
in  the  mucous  membrane  of  the  back  of  the  dorsum  of  the 
tongue,  in  the  tonsils,  the  wall  of  the  pharynx,  as  the 
solitary  glands  of  the  oesophagus,  stomach,  and  intestines, 
and  as  the  Peyer's  glands  in  the  small  intestine  :  their 
characteristic  tissue  is  also  infiltrated  into  the  basis  sub- 
stance of  the  intestinal  villi,  and  into  the  connective  tissue 
which  separates  the  tubular  intestinal  glands  from  each 
other.    But  the  lymph  follicles  are  not  confined  to  the 
alimentary  mucous  membrane.    They  are  situated  in  the 
conjunctiva,  where  they  form  the  trachoma  glands,  in  the 
mucous  membrane  lining  the  Eustachian  tubes,  in  the  laryn- 
geal, tracheal  and  bronchial  mucous  membrane,  and  they 
have  also  been  seen  in  the  mucous  membrane  of  the  urinary 
bladder  and  in  that  of  the  vagina.    They  are  developed 
also  in  large  numbers  in  the  spleen,  and  form  its  Mal- 
pighian  bodies.  They  constitute  the  structure  of  the  thymus 
gland.    Lymph  follicles  have  also  been  described  in  rela- 
tion to  the  pleura  and  the  great  omentum.    The  presence 
of  lymph-follicles  in  the  respiratory  and  intestinal  mucous 
membranes  is  of  interest  in  relation  to  the  frequent  forma- 
tion of  tubercle,  under  certain  pathological  conditions,  in 

those  localities. 

The  characteristic  tissue  of  the  lymph  follicles  has  been 
variously  named  lymplioid  tissue,  lympli-follicular  tissue, 
and  adenoid  tissue.  It  consists  essentially  of  two  struc- 
tural elements:  first,  of  colourless  corpuscles  resembling 
those  of  the  lymph  and  blood ;  second,  of  steUate  branch- 
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Fig.  147.  —  Retif oini  connective 
tissue  from  a  lymphatic  gland, 
X  300. 


ing  cells,  the  processes  of  which  anastomose  freely  with 
each  other,  so  as  to  form  a  network  or  reticulum  of  the 
retiform  connective  tissue  (fig. 
147).     These    cells    are  dis- 
tinctly  nucleated.     This  reti- 
culum forms  a  sustentacular  or 
supporting  framework   for  the 
lymph  corpuscles,  which  fill  up 
the   interstices  of    the  mesh- 
work.      When    this  lymphoid 
tissue  is  developed  so  abundantly  in  a  locality  as  to  form 
definite  masses,  or  follicles,  they  usually  possess  a  spheroidal 
or  ovoid  form,  such  as  one  sees 
in  the  solitary  glands,  in  the 
individual  glandules  of  aPeyer's 
patch,  in  the  trachoma  glands 
of  the  conjunctiva,  the  faucial 
and  pharyngeal  tonsils,  and  the 
Malpighian  bodies  of  the  spleen. 
At  other  times  the  tissue  is  not 
aggregated  into  masses,  but  is 
uniformly  diffused  throughout 
a  particular  locality,  as  is  the  case  in  the  basis  substance  of 
the  intestinal  villi,  in  the  interglandular  connective  tissue 
of  the  intestinal  mucous  membrane,  and  in  the  sheath  and 
outer  coat  of  the  branches  of  the  splenic  artery.    It  not 
unfrequently  happens,  as  in  the  tonsils  and  the  conjunctival 
mucous  membrane,  that  not  only  is  the  lymphoid  tissue 
aggregated  into  definite  masses  or  follicles,  but  that  lymph 
corpuscles  are  infiltrated  or  dijBfused  throughout  the  con- 
nective tissue,  which  surrounds  the  individual  follicles. 


Fig.  148. — Lymphoid  tissue,  with 
the  lymph  cells  situated  in  the  in- 
terstices of  the  reticulum  formed 
by  the  stellate  retiform  cells 
X  450. 


548 


ANATOMY, 


The  lymplioid  tissue  in  tlie  centre  of  a  lymph  follicle  has  a 
more  open  meshwork  than  at  the  periphery,  where  the  reti- 
f  orm  tissue  is  more  compact  and  often  simulates  the  appear- 
ance of  an  investing  capsule.  When  a  number  of  follicles 
lie  close  together,  as  in  a  Peyer's  patch,  the  separate  follicles 
may  be  connected  together  by  intermediate  retiform  tissue. 

The  lymph  follicles  possess  considerable  vascularity. 
Not  only  do  the  blood-vessels  form  a  network  around  the 
follicles,  but,  as  may  easily  be  seen  in  injected  solitary  and 
Peyer's  glands,  capillaries  pass  from  the  periphery  to  the 
centre  of  each  follicle,  and  form  in  it  a  wide  meshed 
plexus,  the  strands  of  which  are  in  relation  to  the  susten- 
tacular  framework. 


of  Pe'^e;^  knd  foZt  a  ™ary  network  ;  M,  muscular  coat.  Slightly  :uagn.- 
fled. 

Lymphatic  vessels  have  a  close  relation  to  the  lymph 
follicles.  In  the  solitary  and  Peyer's  glands  of  the  intestine, 
where  their  arrangement  has  been  chiefly  studied,  a  net- 
work of  lymph  capillaries  has  been  seen  around  the  pen- 


LYMPHATIC  GLANDS. 


549 


jahery  of  the  follicles.  Frey  has  described  the  bases  of 
these  follicles  as  invested  by  a  system  of  s^Daces  or  pas- 
sages, coutinuous  with  and  capable  of  being  injected  from 
the  lymphatic  system.  It  is  possible  that  these  spaces 
communicate  with  the  meshwork  of  the  retiform  tissue  of 
the  follicle,  but  the  communication  has  not  been  definitely 
ascertained.  There  can  be  no  doubt,  however,  that  the 
lymj)h  follicles  are  appendages  of  the  lymph-vascular 
system,  and  are  the  seats  of  production  of  lymph  corpuscles. 
Nothing  is  known  of  the  arrangement  of  the  nerves  in 
relation  to  the  lymph-follicles. 

Lymphatic  Glands. 

The  Lymphatic  Glands  are  nodal  swellings  occurring  in 
the  course  of  the  lymphatic  vessels.  They  are  abundantly 
distributed  throughout  the  body,  and  are  found  in  clusters 
in  the  groin,  axilla,  neck,  chest,  abdomen,  &c.,  as  has 
been  described  in  the  section  on  the  distribution  of  the 
lymphatic  vessels.  They  often  are  arranged  as  a  chain  of 
glands  connected  together  by  intervening  lymph  vessels. 
They  are  round  or  oval  in  shape,  and  vary  in  size  from  a 
small  shot  to  a  kidney  bean.  It  is  not  uncommon  for  the 
glands  to  enlarge  and  for  adjacent  glands  to  become  fused 
together.  Each  gland  receives  at  one  end  several  lymphatic 
vessels  called  vasa  afferentia,  and  from  it  lymphatic  vessels, 
called  vasa  efferentia,  emerge;  which  in  their  onward 
course  may  become  afferent  vessels  for  glands  situated 
higher  in  the  course  of  the  lymphatic  vessels  (fig.  150). 
Where  the  efferent  vessels  pass  out  of  a  gland  a  depression 
on  its  surface,  named  the  Ulus,  is  often  seen. 
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Each  lymphatic  gland  is  surrounded  by  a  capsule,  which 

consists  of  interlacing 
bundles  of  connective 
tissue  intermingled  with " 
non-striped  muscular- 
fibres,  which  in  some 
animals,  as  the  ox,  are 
very  numerous.  When 
a  section  is  made 
through  a  gland  it  is 
seen  to  consist  of  an 
external,  yellowish-red, 
rtical  part,  and  of  a 
central,  more  deeply 
red,  medullary  part, 
which,  however,  reaches 
the  surface  at  the  hilus. 

From  the  capsule 
thin  laminse  pass  into 

Fig.  150.— Cluster  of  [Lymphatic  Glands  of  .-^     cortical  substauce 
the  Ki-oin,  between  some  of  which  fusion 

has  taken  place,   va,  vasa  afferentia ;  ye,       j      £  it 
vasa   efferentia;    a,   a,    smaU  artenes.  ana  loiui 

Natural  size  trabecular  framework, 

which  divides  the  cortex  into  a  number  of  compartments  or 
alveoU.  These  alveob'  contain  rounded  nodules,  consisting 
of  the  proper  glandular  or  follicular  tissue  of  the  lymphatic 
gland  which  is  arranged  therefore  as  a  number  of  follicles, 
called  the  follicles  of  the  cortex.  As  the  trabecule  do  not 
form  perfect  partitions  between  adjacent  folUcles,  the  tissue 
of  one  f  oUicle  is  to  some  extent  continuous  with  that  of  those 
which  lie  around  it.  These  follicles  are  formed  of  lymphoid 
tissue,  resembling  in  structure  the  lymphoid  follicles  already 
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described,  and  the  meshes  of  the  reticulum  are  crowded 
with  lymph  corpuscles.  Surrounding  each  of  the  follicles, 
and  bounded  by  the  trabeculse,  is  a  space  traversed  by  a 
reticulum  of  the  [retiform  connective  tissue,  the  stellate 


— Semi-diagrammatlc  view  of  therstracture  of  the  cortex  of  a  Lymphatic 
Wand,  c,  capsule;  t,  t,  trabeculaj;  p,  lymph  passage  with  retifoim  tissue;  /, 
lymph  follicle;  v  a,  yas  afferens  communicating  with  lymph  passages ;  o,  arte- 
ries and  blood  capillaries.   Highly  magnified.  ^  e    >  . 

cells  of  which  are  continuous  on  the  one  hand  with  the 
retiform  tissue  of  the  follicle,  and  on  the  other  with  the  tra- 
becular framework  of  the  cortex.  This  space  contains  lymph 
corpuscles,  which  are  easily  washed  out,  and  it  obviously 
resembles  the  lymph  spaces  or  passages  which  invest  the 
bases  of  the  follicles  of  a  Peyer's  patch.  It  communicates 
with  the  vasa  afferentia,  from  which  it  can  be  injected. 
Owing  to  the  continuity  between  the  tissue  of  adjacent 
follicles,  their  surrounding  lymph  spaces  are  also  continuous 
with  each  other,  and  form  an  anastomosing  set  of  lymph 
passages  within  the  cortex  of  the  gland. 

The  medullary  part  of  the  lymphatic  'gland  is  also 
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traversed  by  a  trabecular  framework  continuous  witli  that 
of  the  cortex.  The  trabecles  are  arranged  in  a  cylindriform 
manner,  and  enclose  alveoli,  which  contain  lymph  follicles 
that  possess  a  cylindrical  form.  Here  also,  as  in  the 
cortex,  the  lymphoid  tissue  of  the  follicles  within  adjacent 


Kir  152— Semi-diasrammatic  view  of  the  meduUary  part  and  the  hilus  of  a 
LVmplmtteGland^  As,  stroma  of  hilus  ve,  vas  eflere^s ;  a,  artery  ending  n 
capTuaries;  c,  capsule ;  tt,  traheculai;  pp,  lymph  passage;  /,  follicles,  highly 
magnified. 

alveoli  is  continuous  through  gaps  in  the  intervening 
trabecular  wall.  The  meduUary  lymph  foUicles  are  sur- 
rounded by  lymph  passages,  continuous,  on  the  one  hand, 
with  the  lymph  passages  in  the  cortical  part  of  the  gland, 
and  on  the  other,  with  the  vasa  efferentia,  with  which  the 
medullary  substance  comes  into  direct  relation  at  the 
hilus.  The  medullary  lymph  passages  can  be  injected 
from  the  vasa  efferentia.  The  surfaces  of  the  trabeculse 
which  bound  the  lymph  passages  both  in  the  cortex  and 
medulla  are  covered  by  a  layer  of  endothelial  cells  con- 
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tinuous  with,  the  endothelium  of  the  vasa  afferentia  and 
efferentia. 

Through  the  researches  of  His,  Frey,  and  Keckling- 
hausen,  it  has  now  therefore  been  established  that  a  lym- 
phatic gland  is  permeated  by  an  anastomosing  system  of 
lymph  passages  or  channels,  continuous  with,  the  afferent 
and  efferent  vessels.  These,  channels  surround  the  folli- 
cular masses  of  lymphoid  tissue,  and  as  the  stream  of 
lymph  flows  through  the  gland,  it  washes  lymph  cor- 
puscles out  of  the  meshes  of  this  lymphoid  tissue,  which 
corpuscles  mingle  with  the  lymph  stream  and  are  carried 
onwards  in  its  flow.  The  lymphatic  glands  are  the  seats 
of  production  of  lymph  corpuscles,  and  are  the  great  centres 
of  origin  therefore  of  the  white  corpuscles  of  the  blood. 

Each  lymphatic  gland  receives  at  least  one  small  artery, 
which  enters  at  the  hilus,  and  breaks  up  into  branches 
that  in  part  ramify  in  the  capsule  and  trabecular  frame- 
work, and  in  part  pass  directly  to  the  follicular  tissue. 
Capillaries  are  distributed  in  the  follicular  tissue  in  which 
they -form  a  plexus;  they  supply  the  pabulum  for  the 
nutrition  and  production  of  the  lymph  corpuscles  :  veins 
arise  from  this  plexus  and  pass  out  of  the  gland  at  the  hilus. 

In  many  lymphatic  glands  a  quantity  of  fibrous  con- 
nective tissue,  named  by  His  the  hilus-stroma,  is 
situated  at  the  hilus,  and  surrounds  the  artery,  vein,  and 
vasa  efferentia.  It  also  not  unfrequently  contains  a 
collection  of  fat  cells.  Vaso-motor  nerves  accompany  the 
blood-vessels  into  the  gland,  and  supply  not  only  their 
muscular  coat,  but  the  muscular  tissue  of  the  capsule  and 
trabeculee.  Nerve-ceUs  have  also  been  described  on  these 
nerves  by  some  observers. 

2  N 
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The  Ductless  Glands. 
In  several  parts  of  the  body  soft,  vascular,  glandular- 
looking  organs  are  found,  which  differ  from  secreting 
glands  in  not  possessing  an  excretory  duct,  and,  in  conse- 
quence of  this  anatomical  character,  have  long  been  known 
as  the  DUCTLESS  glands,  or  glands  without  ducts. 
The  spleen,  thyroid  gland,  thymus  gland,  supra-renal  cap- 
sules, pineal  gland,  and  pituitary  body  are  all  distinguished 
by  this  peculiarity.     From  recent  observations  on  their 
structure  and  functions,  it  has  been  ascertained  that  some 
of  the  ductless  glands  have  a  physiological  relation  to  the 
blood-vascular  system,  and  they  have  consequently  been 
called  the  blood-vascular  glands.     As  two  of  these 
glands,  viz.,  the  spleen  and  thymus,  contain  large  quantities 
of  lymphoid  tissue,  and  are  the  seats  of  production  of  lymph 
corpuscles,  they  have  been  named  blood-lymph-vascular 
glands.     It  is  possible  that  the  thyroid  gland,  the 
pituitary  and  pineal  glands,  and  the  supra-renal  capsules, 
may  have  a  physiological  relation  to  the  vascular  system, 
but  as  their  structure  differs  in  some  particulars  both  from 
each  other,  and  also  from  that  of  the  spleen  and  thymus, 
their  exact  function  is  even  yet  involved  in  much  obscurity. 
It  may  also  be  stated,  that  by  some  observers  the  coccy- 
geal and  intercarotic  bodies  have  been  referred  to  the 
blood-vascular  glands,  but  their  structure  more  closely 
approaches  that  of  a  modified  rete  mirabUe.     I  have  pre- 
ferred, therefore,  to  group  these  glands  together  by  the 
term  Ductless  Glands,  which  expresses  an  anatomical 
character  common  to  the  whole  series,  rather  than  to  employ 
the  term  Blood-Vascular  Glands,  used  by  many  writers, 
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which  implies  that  all  these  organs  possess  a  special  relatiua 
to  the  blood-vascular  system. 

THE  SPLEEN. 

The  Spleen  is  the  largest  of  the  ductless  glands.  It  lies 
in  the  costal  zone  of  the  abdomen,  and  is  so  deeply  placed 
in  the  left  hypo  chondrium  that,  when  the  abdomen  is 
opened,  it  is  not  seen  until  the  stomach  is  drawn  on  one 


»i<Ie,  for  it  is  situited  between  the  diaphragm  and  the 
posterior  surface  of  the  stomach.    It  lies  obUquely  from 
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above  downwards  and  forwards,  and  as  Lusclika  has  pointed 
out,  is  in  front  of  and  follows  the  curvature  of  the  ninth, 
tenth,  and  eleventh  ribs.    Its  inner  and  upper  end,  when 
the  spleen  is  of  average  size,  is  about  1  inch  from  the 
spinal  column,  its  outer  and  lower  end  reaches  to  about 
li  inch  from  the  tip  of  the  eleventh  rib.    It  varies 
much  in  size  in  different  individuals,  and  at  different  times 
in  the  same  person,  but  its  average  length  is  from  5  to 
6  inches,  and  its  breadth  from  3  to  4  inches,  whilst  its 
weight  varies  from  5  to  7  ounces. 

The  spleen  is  elongated  in  shape,  and  possesses  two 
surfaces,  two  borders,  and  two  extremities.    The  outer 
surface  is  smooth  and  convex,  and  in  close  contact  with 
the  concave  under  surface  of  the  left  half  of  the  diaphragm; 
the  movements  of  which  muscle  it  follows  during  inspiration 
and  expiration.   The  inner  surface  is  concave,  and  in  relation 
to  the  back  of  the  stomach,  to  which  it  is  attached  by  a  fold 
of  peritoneum,  the  gastro-sjdenic  omentum.    This  surface  is 
marked  by  several  depressions  through  which  the  blood- 
vessels, lymphatics,  and  nerves  enter  the  substance  of  the 
spleen  ;  these  depressions  collectively  constitute  the  hilus. 
The  left  supra-renal  capsule  and  kidney  are  in  relation 
to  a  small  part  of  this  surface,  situated  behind  the  attachment 
of  the  gastro-splenic  omentum.    The  anterior  harder  often 
presents  a  notched  or  crenulated  appearance.   The  jwsterior 
border  is  thicker  and  more  rounded  than  the  anterior. 
The  upper  and  inner  extreviity  i&  attached  to  the  diaphragm 
by  a  fold  of  the  peritoneum,  named  the  suspensory  or 
phrenico-splenic  ligament.    The  lower  and  outer  end,  more 
pointed  than  the  upper  and  inner  end,  is  in  relation  to  the 
splenic  flexure  of  the  colon  and  the  phrenico-colic  ligament. 
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The  great  increase  which,  not  unfrequently  takes  place 
in  the  bulk  of  the  spleen,  leads  to  an  extension  of  its 
relations  to  surrounding  parts ;  and  in  these  cases  it  may- 
be seen  appearing  at  the  side  of  the  great  curvature  of  the 
stomach,  or  even  projecting,  obliquely  downwards  and  for- 
wards, into  the  lumbar  or  umbilical  regions  of  the  abdo- 
men. Occasionally  also  portions  of  spleen  substance  are 
detached,  and  form  accessory  spleens,  situated  in  the  great 
omentum,  or  in  the  gastro-splenic  omentum.  More  rarely 
the  spleen  is  divided  into  a  number  of  perfectly  distinct 
lobes ;  a  condition  which  is  normally  found  in  some  animals, 
as  the  pilot  whale. 

Struaiire.—Th.e  spleen  is  a  solid  organ  of  a  bluish-purple 
colour,  and  so  soft  in  its  texture  that  it  is  easily  ruptured 
and  torn.    It  possesses  two  coats, — a  serous  and  a  fibrous. 

The  serous  or  external  coat  is  a  part  of  the  peritoneal 
membrane.  It  invests  the  spleen,  and  is  reflected  from 
it  to  the  diaphragm  as  the  suspensory  ligament,  and  to 
the  stomach  as  the  gastro-splenic  omentum. 

The  fibrous  coat,  or  tunica  propria,  is  immediately  sub- 
jacent and  intimately  united  to  the  serous  coat.  It  is 
composed  of  white  fibrous  tissue  with  elastic  fibres ;  in 
many  animals,  as  the  ox  and  dog,  it  contains  a  large  pro- 
portion of  non-striped  muscular  tissue,  but  in  man  the  mus- 
cularity is  only  feeble.  At  the  hilus  it  passes  into  the  in- 
terior of  the  spleen  along  with  the  vessels  and  nerves,  for 
which  it  forms  sheaths.  From  the  whole  extent  of  the 
inner  surface  of  the  tunica  propria  processes  pass  into 
the  substance  of  the  spleen,  which  interlace  freely  with 
each  other  so  as  to  form  a  network,  the  trabecular 
jrameworh  of  the  spleen.     The  individual  beams,  or 
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trabecles  of  this  framework,  possess  a  similar  fibro- 
elastic  and  muscular  structure  to  that  of  the  fibrous 
coat.  The  blood-vessels  ramify  in  the  interior  of  the 
spleen  in  close  relation  to  the  trabecles.  The  intervals 
between  the  trabecles  are  irregular  in  form  and  size, 
and  are  occupied  by  a  soft  reddish  substance,  the 
spleen  pulp.  If  a  section  be  made  through  the  spleen, 
and  a  current  of  water  be  directed  on  the  surface  of  the 
section,  the  spleen  pulp  is  easily  washed  out  of  these  inter- 
vals, and  the  trabecular  framework  is  left. 

The  examination  of  the  more  minute  structure  of  the 
spleen  is  attended  with  many  difficulties,  more  especially 

as  regards  the  mode  of  ter- 
mination of  the  splenic 
artery,  the  commencement 
of  the  vein,  and  the  relation 
of  the  splenic  blood-vessels 
to  the  spleen  pulp.  When 
the  pulp  is  examined  micro- 
scopically, it  is  seen  to 
contain  fine  blood-vessels, 
spheroidal  bodies  called  the 
Malpighian  corpuscles,  nu- 
merous cells,  and  a  delicate 
reticvdum  of  connective 
tissue.    By  one  set  of  ob- 

FiG.  154— The  trabecular  framework  -^rr         n  i 

i, «,  of  the  Spleen  after  the  spleen    servers,  as  W.  Muller  and 

pulp  has  heen  washed  out ;  cj  c,  the  i,   .  4.-U 

fibrous  coat  seen  in  section.  Na-  Frey,  it  IS  believed  that  tHe 
tural  size.  .  , 

blood  in  passing  from  the 
splenic  artery  into  the  splenic  vein  flows  into  channels, 
which  have  no  continuous  tubular  walls,  so  that  it  comes 
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into  direct  relation  with  the  cells  and  reticulum  of  the 
spleen  pulp.  By  other  observers  again,  as  Billroth  and 
Kolliker,  it  is  held  that  the  continuity  of  the  vascular  wall 
from  the  splenic  artery  to  the  splenic  vein  is  preserved,  and 
that  the  reticulum  and  pulp-cells  lie  outside  the  wall  of 
the  blood-vessels. 

The  following  description,  though  agreeing  in  its  main 
features  with  the  descriptions  of  W.  Miiller  and  Frey,  is 
chiefly  based  on  my  own  observations  on  the  structure  of 
the  human  spleen  and  that  of  the  rat. 

The  reticulum  of  the  spleen  pulp  has  been  named  the  i-nr 
tervascular  iietworh :  it  is  situated  in  the  intervals  between 
the  trabecles,  and  consists  of  a  retiform  connective  tissue, 
such  as  makes  up  the  framework  of  a  lymph  follicle.  The 
strands  of  this  framework  are  composed  of  stellate  and 
nucleated  connective  tissue  cells,  the  processes  of  which 
anastomose  with  each  other,  but  fusiform  cells  are  inter- 
mingled with  them.  The  interstices  between  these 
stellate  cells  are  occupied  by 
lymphoid  and  other  colourless 
corpuscles,  and  by  red  blood  cor- 
puscles, and  intervene  between 
the  capillary  terminations  of  the 
arteries  and  the  commencement  of 
the  veins,  so  that  they  are  channels 
for  the  blood  to  flow  through. 
They  constitute  a  special  modifi- 
cation of  the  circulatory  appara- 
tus, and  are  a  sort  of  cavernous 
rete  mirabile,  not  enclosed  within  an  endothelial  wall, 
and  the  stellate  cells  themselves  form  a  supporting  frame- 


FiG.  155. — Cells  of  the  pulp  of 
the  human  Spleen,  s,  the 
stellate  retifonn  cells ;  ps, 
colourless  coi-puscles  of  the 
spleea  pulp.  X  450. 
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work  for  the  blood-corpuscles  and  the  lymphoid  corpuscles 
of  the  spleen  pulp.  The  colourless  lymphoid  corpuscles 
have  distinct  nuclei,  relatively  large  to  the  size  of  the  cells, 
and  with  them  are  a  few  cells,  also  with  distinct  nuclei, 
but  with  a  larger  proportion  of  protoplasm,  and  somewhat 
polygonal  in  shape.  In  addition  to  the  red  blood  cor- 
puscles possessing  the  normal  appearance,  shrivelled  red 
corpuscles  and  pigment  granules  are  also  seen,  together 
with  large  cells  containing  several  red  corpuscles  or 
pigment  granules.  Frey  supposes  that  these  large  cells 
are  colourless  corpuscles,  which  have  taken  into  their 
interior  either  entire  red  corpuscles,  or  portions  of  their 
substance,  which  present  the  appearance  of  clumps  of 
yellow  pigment.  Owing  to  the  elasticity  of  the  fibrous 
coat  and  trabecles  of  the  spleen,  and  the  free  communi- 
cation of  the  blood-vessels  with  these  interstices,  they  at 
times  become  engorged  with  blood  :  if  the  splenic  artery 
be  artificially  injected,  they  are  easily  distended  by  the 
injection. 

The  splenic  artery  is  the  largest  branch  of  the  coeliac 
axis,  and  is  large  in  relation  to  the  size  of  the  spleen.  It 
divides  into  five  or  six  branches  before  entering  the  hilus. 
After  it  has  passed  into  the  spleen  it  continues  to  divide 
and  subdivide,  branching  dichotomously,  without  any 
anastomoses  between  its  branches.  When  traced  down 
to  its  finest  ramifications  it  breaks  up  into  clusters  of 
branches  or  penicilli,  which  are  usually  compared  in  their 
arrangement  to  the  hairs  of  a  paint  brush,  though  Frey 
regards  them  as  more  like  the  branches  of  a  willow  tree 
deprived  of  its  leaves.  The  branches  of  the  artery  are 
enclosed  in  a  sheath  continuous  at  the  hUus  with  the 
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fibrous  coat  of  the  spleen.  An  important  metamorphosis 
takes  place  in  the  structure  both  of  the  sheath,  and  of  the 
tunica  adventitia  of  the  smaller  branches  of  the  artery, 
which  lose  their  fibro-elastic  character,  and  become  trans- 
formed into  lymphoid  tissue. 


Fig.  156.— Vertical  section  through  the  Spleen  to  show  the  Malpighian  corpuscles, 
c,  the  flhro-muscular  coat ;  (,<,  trabecule ;  M,  M,  M,  Malpighian  coi-puscles ; 
A,  A,  A,  arteries  of  the  spleen ;  p,  penicilli  fjp,  sp,  spleen  pulp.    X  80. 

In  many  localities  this  lymphoid  tissue  increases  so 
much  in  amount,  as  to  form  minute  spheroidal  or  elliptical 
bodies — the  spleen-follicles — -just  visible  to  the  naked  eye, 
and  long  known  as  the  Malinghian  bodies  or  corpuscles. 
Each  of  these  bodies  is  therefore  developed  in  relation  to 
the  wall  of  an  artery.  When  the  development  takes 
place  around  the  entire  circumference  of  the  wall,  the 
Malpighian  body  is  penetrated  by  the  artery,  which  seems 
to  form  therefore  its  peduncle  or  stalk;  the  passage  of 
the  minute  arteries  into  and  through  the  Malpighian  bodies 
was  first  pointed  out  by  W.  R.  Sanders ;  when  the  forma- 
tion of  the  Malpighian  body  is  limited  to  one  aspect 
only  of  the  wall  of  the  artery,  then  it  is  sessile  on  the 
vessel.    At  one  time  it  was  thought  that  each  Malpighian 
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body  possessed  a  definite  capsule  which  separated  it  from 
the  surrounding  spleen  pulp,  but  it  is  now  known  that 
the  appearance  of  a  capsule  is  due  to  only  a  greater 
density  of  the  peripheral  layers  of  the  lymphoid  tissue, 
of  which  the  Malpighian  body  is  composed.  The  meshes 
of  the  lymphoid  tissue  of  the  Malpighian  body  are 
infiltrated  with  colourless  lymph  cells.  Busk  and  Huxley 
showed  that  the  retiform  tissue  which  forms  the  supporting 
framework  of  these  lymph  cells  is  continuous  with  the 
retiform  tissue  of  the  pulp.  Capillaries  are  distributed 
within  the  Malpighian  bodies,  which  may  arise  either 
from  the  arteries  that  penetrate  them,  or  may  enter  them 
from  without. 

The  capillary  terminations  of  the  finest  branches  of 
the  splenic  artery,  both  in  the  Malpighian  bodies  and  in  the 
surrounding  spleen  pulp,  do  not  end  directly  in  veins,  but, 
according  to  W.  Mliller  and  Frey,  open  into  the  interstices 
of  the  intervascular  network  already  described.  The  wall 
of  the  capillary,  it  is  said,  loses  its  tubular  form,  and  its 
endothelium  becomes  continuous  with  the  stellate  cells  of 
the  retiform  connective  tissue  of  the  pulp.  Schweigger- 
Seidel  and  W.  Miiller  state,  that  whilst  some  of  the  capil- 
laries possess  simple  walls,  others  have  distinct  sheaths, 
consisting  of  a  delicate  connective  tissue  with  round  or 
elongated  nuclei,  and  Frey  has  pointed  out,  that  as  this 
sheath  approaches  the  arterioles,  it  assumes  the  char- 
acters of  lymphoid  tissue. 

If  the  splenic  artery  be  carefully  injected,  the  injection 
passes  out  of  the  capillaries,  and  forms  an  anastomosing 
stellate  network,  situated  between  the  colourless  corpuscles 
of  the  spleen  pulp.    At  first  sight  it  appears  as  if  the 
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stellate  corpuscles  of  the  reticulum  had  been  filled  with 
injection,  so  closely  does  the  injected  network  resemble  in 
form  the  intervascular  network  of  stellate  cells  (fig.  155) ; 
but  it  is  more  probable  that  the  reticulum  merely  guides 
the  course  of  the  injection,  which  lies  outside  the  stellate 
cells,  and  not  within  them  (fig.  157).  The  injected  stellate 
network  is  well  marked  in  the  peripheral  part  of  the  Mal- 
pighian  bodies,  and  is  continued  into  their  interior,  so  that 
the  network  within  the  Malpighian  body  is  continuous 
with  that  in  the  surrounding  spleen  pulp. 

The  veins  of  the  spleen  do  not  arise  directly  from 
capillaries,  but  from  the  interstices  of  the  intervascular 
network.  The  venous  radicles  are  arranged  as  a  close 
plexus,  and  possess  simple  walls,  formed  apparently  of 
only  a  single  layer  of  fusiform  endothelial  cells,  so  that 
they  were  named  by  Bill- 
roth cainllary  veins. 
Where  they  come  into 
relation  with  the  inter- 
vascular network,  it  is 
said  that  the  continuity  of 
their  walls  is  interrupted, 
their  endothelial  cells  are 
separated  from  each  other, 
and  assume  the  character 
of  the  retiform  connective 
tissue,  and  their  lumen 
communicates  with  the 
interstices  of  that  network. 
From  the  plexus  of  capillary  veins  the  proper  tubular 
veins  arise,  which  join  together  to  form  larger  trunks, 


Fig.  167. — ^The  injected  stellate  network 
In  the  human  Spleen  pulp,  c,  an  in- 
jected capillai-y;  n,  the  injected  inter- 
vascular stellate  network  tinted  grey 
in  the  figure ;  s,  stellate  cells  ;  ps,  the 
lymphoid  corpuscles  of  the  spleen  pulp. 
X  460. 
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that  leave  the  spleen  at  the  hilus,  along  with  the 
branches  of  the  splenic  artery.  It  seems  now  to  have 
been  established  that  the  blood  of  the  splenic  artery 
flows  into  capillaries;  but  before  it  enters  the  veins, 
it  has  to  traverse  the  interstices  of  the  intervas- 
cular  network  of  the  spleen  pulp,  in  which  interstices 
quantities  of  lymphoid  cells  are  situated,  which  cells  are 
washed  into  the  blood  stream,  and  are  conveyed  into  the 
splenic  vein;  so  that  the  spleen  pulp  serves  as  a  centre 
for  the  production  of  white  blood  corpuscles,  and  the 
blood  of  the  splenic  vein  contains  a  larger  proportion  of 
white  blood  corpuscles  than  that  of  the  splenic  artery. 
The  spleen,  therefore,  may  be  compared  with  a  lymphatic 
gland,  but  with  this  difference,  that  while  in  the  latter  the 
stream  which  flows  through  the  organ  and  collects  the 
lymph  corpuscles  is  lymph,  in  the  former  organ  it  is 
blood. 

The  lymphatics  of  the  spleen  form  a  superficial  and  a 
deep  set.  The  superficial  lymphatics  were  injected  by 
Alex.  Monro,  secundus,  and  form  in  the  ox's  spleen  a 
network  of  large  vessels  with  distinct  valves.  Deep 
lymphatics,  continuous  with  the  superficial  set,  ramify  in 
the  trabecular  framework.  According  to  Tomsa,  deep 
lymphatics  accompany  the  arteries,  and  probably  form 
networks  around  the  Malpighian  corpuscles.  It  has  also 
been  surmised  that  they  arise  from  the  lymphoid  tissue 
in  the  coat  of  the  smaller  arteries. 

Nerves  from  the  solar  plexus  accompany  the  splenic 
artery  and  its  branches  throughout  the  substance  of  the 
spleen.  Ganglion  cells  have  been  described  on  these 
nerves. 


THYMUS  GLAND. 


565 


THYMUS  GLAND. 

The  Thymus  Gland  is  found  in  all  animals  which 
breathe  by  lungs,  though  it  has  no  physiological  con- 
nection with  them.     It  is  a  fawn-coloured,  lobulated 
body,  situated  in  the  upper  part  of  the  thorax,  and  in  the 
lower  part  of  the  neck  of  infants  and  children.    It  lies 
for  the  most  part  in  the  anterior  mediastinum,  but  is  pro- 
longed upwards  into  the  neck  in  close  relation  to  the 
trachea  as  far  as  the  lateral  lobes  of  the  thyroid  body. 
Its  thoracic  part  is  immediately  behind  the  sternum,  and 
in  front  of  the  pericardium,  the  left  innominate  vein,  the 
aortic  arch,  and  its  three  large  branches.    The  thymus 
consists  of  two  lateral  lobes,  somewhat  triangular  in  form, 
but  of  unequal  size.    The  broader  part  of  each  lobe  lies 
in  the  thorax,  and  the  narrower  end  forms  the  cervical 
prolongation.    The  two  lobes  are  closely  attached  to  each 
other  by  intermediate  connective  tissue,  so  that  at  first 
sight  they  seem  to  constitute  a  single  organ.    The  gland 
reaches  its  maximum  size  about  the  end  of  the  second 
year;  after  which  it  remains  stationary  for  some  years. 
About  the  eighth  year  it  begins  to  undergo  fatty  degenera- 
tion, and  at  the  time  of  puberty  it  forms  two  elongated 
lobes  of  fatty  tissue,  situated  in  the  anterior  mediastinum, 
in  which  condition  it  is  found  during  the  rest  of  life. 
In  rare  cases  the  thymus  may  retain  its  proper  structure 
until  after  puberty ;  I  have  seen  it  in  the  adult  harte- 
beest  and  nylghau  preserving  its  normal  structure. 

Structure. — Each  lobe  of  the  thymus  gland  is  invested 
by  a  capsule  of  connective  tissue,  which  is  prolonged 
into  the  substance  of  the  lobe  and  divides  it  into  lobules. 
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Tlie  lobules  are  arranged  as  if  grouped  around  an  axia 
spirally  twisted  stem,  in  which  the  vascular  trunks  of 
the  gland  are  situated.  By  some  observers  the  stem  is 
believed  to  be  hollowed  out  into  a  central  canal.  Thp 
lobules  are  still  further  subdivided  into  numerous  thymns 
follicles.  Each  thymus  follicle  is  formed  of  lymphoid 
tissue  corresponding  in  structure  to  the  lymph  follicles 
already  described  (p.  547).  The  thymus  follicles  may 
either  be  separated  from 'each  other  by  distinct  capsules; 
or  the  infiltration  of  lymph  corpuscles  into  the  meshes 
of  the  connective  tissue  may  be  so  great  that  adjacent 
follicles  appear  to  have  run  together.  Bodies  presenting  a 
concentric  appearance,  the  concentric  corpuscles  of  Hassall, 
also  occur,  and,  in  the  later  stages  of  growth,  cells  con- 
taining oil  drops,  which  mark  the  commencing  fatty 
degeneration  of  the  gland,  are  also  present.  The  lobules 
of  the  thymus  frequently  contain  a  space  in  the  centre, 
which  some  observers  regard  as  normally  present,  though 
others  consider  it  to  be  produced  artificially  by  the  break- 
ing down  of  the  lymphoid  tissue  of  the  centre  of  the 
lobule. 

The  thymus  gland  receives  its  supply  of  blood  from 
the  thymic  branches  of  the  internal  mammary,  and  from 
the  superior  and  inferior  thyroid  arteries.  They  pass  to 
the  stem  of  each  lobe,  and  send  off  lateral  branches  to  the 
lobules,  which  end  in  a  capillary  network  within  the 
thymus  follicles.  The  veins  which  arise  from  the  capil- 
laries, pass  out  of  the  lobes  to  end  in  the  internal 
mammary  and  innominate  veins. 

Lymphatics  are  situated  in  the  connective  tissue  between 
the  lobules  and  follicles,  but  their  relation  to  the  lymphoid 
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tissue  of  the  follicles  has  not  been  traced.  They  leave  the 
thymus  along  with  the  blood-vessels,  and  join  the  lym- 
phatic glands  in  the  anterior  mediastinum.  Fine  nerves 
pass  to  the  thymus  along  with  the  arteries,  and  offsets 
of  the  cardiac  plexus  are  said  to  enter  it. 

The  lymphoid  tissue  of  the  thymus  giand  may  serve  as 
the  centre  of  production  of  the  large  lymphoid  intra- 
thoracic tumours,  sometimes  developed  in  the  anterior 
mediastinum. 

THYKOID  GLAND. 

The  Thyroid  Gland,  or  Thyroid  Body,  is  a  very  vascular 
organ,  of  a  reddish-brown  colour,  situated  in  the  anterior 
part  of  the  neck,  in  close  relation  to  the  sides  and  front 
of  the  windpipe.  It  consists  of  two  lateral  lobes  united 
together  by  an  intermediate  median  lobe  or  isthmus.  Each 
lateral  lobe  is  about  two  inches  long,  one  inch  wide,  and 
three-quarters  of  an  inch  in  thickness.  The  lateral  lobe 
lies  in  close  relation  to  the  side  of  the  thyroid  and  cricoid 
cartilages,  and  extends  as  far  down  as  the  fifth  or  sixth 
ring  of  the  trachea ;  and  it  is  connected  to  the  laryngeal 
and  tracheal  cartilages  by  areolar  tissue.  The  median 
lobe  or  isthmus  varies  in  its  vertical  diameter  from  |-  to  f 
inch  ;  it  passes  transversely  across  the  front  of  the  trachea 
opposite  its  third  and  fourth  rings,  and  connects  together 
the  lower  ends  of  the  two  lateral  lobes. 

The  thyroid  gland  is  covered  by  the  sterno-hyoid,  sterno- 
thyroid, and  ohio-hyoid  muscles,  and  its  posterior  border 
comes  into  relation  with  the  common  carotid  artery. 

Occasionally,  though  Luschka  says    in  every  third 
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person,  a  prolongatioa  of  the  gland,  named  the  pyramid, 
ascends  from  the  upper  border  of  the  isthmus,  in  front  of 
the  cricoid  and  thyrcjid  cartilages,  as  far  even  as  the  hyoid 
bone.  A  muscle,  called  levator  glandulae  thyroideas,  is 
often  seen  passing  from  the  pyramid,  or  the  adjacent  part 
of  the  gland,  to  the  hyoid  bone.  The  gland  is  normally 
bigger  in  women  than  in  men.  It  often  undergoes  a 
pathological  enlargement,  named  bronchocele  or  goitre. 
In  many  mammals,  as  the  camel,  alpaca,  nylghau,  harte- 
beest,  dog,  warthog,  porcupine,  and  kangaroo,  the  isthmus 
is  wanting,  and  the  two  lateral  lobes  are  quite  discon- 
nected ;  whilst  in  the  feline  carnivora  the  isthmus  is  very 
small  in  relation  to  the  size  of  the  lateral  lobes. 

Structure. — The  thyroid  gland  is  closely  invested  by  a 
thin  capsule  of  connective  tissue,  and  is  not  divided  into 
definite  lobules,  capable  of  separation  from  each  other. 
When  sections  are  made  into  its  substance  it  is  seen  to  be 
made  up  of  numbers  of  closed  vesicles,  separated  from 
each  other  by  intermediate  connective  tissue,  which  is 
continuous  with  the  investing  capsule.  These  vesicles  are 
just  visible  to  the  naked  eye,  and  are  spherical  or  ovoid  in 
form  (fig.  158).  Each  vesicle  is  said  to  be  bounded  by  a 
delicate  hyaloid  membrane,  lined  on  its  inner  surface  by  a 
single  layer  of  somewhat  cubical  epithelial  cells  ;  but  Pere- 
meschko  thinks  that  no  hyaloid  membrane  is  present,  and 
that  the  cells  rest  directly  on  the  surrounding  connective 
tissue.  The  vesicles  contain  a  translucent,  viscous  fluid, 
which  coagulates  by  the  action  of  heat,  alcohol,  or  nitric 
acid.  The  enlargement  of  the  gland  in  goitre  is  due  to  a 
distension  of  the  vesicles,  and  an  accumulation  of  the 
glairy  colloid  fluid  in  their  interior.  ■ 
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The  ttyroid  gland  is  abundantly  supplied  with  blood  by 
the  superior  and  inferior  thyroid  arteries,  which  freely 
anastomose  with  each  other  in  its  substance.  Occasionally 
an  additional  artery,  the  arteria  thyroidea  ima,  a  branch 
of  the  innominate  artery,  ascends  to  the  thyroid  gland  in 
front  of  the  trachea.  The  capillaries,  in  which  the  arteries 
terminate,  form  a  compact  polygonal  network  in  the  con- 
nective tissue  immediately 
surrounding  the  closed 
vesicles.  The  veins  which 
proceed  from  the  capillary 
network  form  plexuses  at 
the  surface  of  the  gland, 
and  give  rise  to  the  supe- 
rior, middle,  and  inferior 
thyroid  veins.  Lymph- 
vessels  arise  in  the  connec- 
tive tissue  between  the 
closed  vesicles  and  by  anas- 
tomosis form  larger  vessels, 
which  leave  the  gland  at  its  surface,  where  they  form  a  dense 
network.  The  nerves  form  a  superior  and  an  inferior 
thyroid  plexus,  which  accompany  the  corresponding 
arteries.  They  arise  from  the  middle  and  inferior  cervical 
ganglia  of  the  sympathetic,  and  have  nerve  cells  inter- 
spersed in  their  course. 


Fig.  158.  Section  through  the  injected 
Thyroid  gland  of  a  lion,  to  show  the 
gland  vesielej  and  the  intei-vesicular 
connective  tissua.  e,  the  epithelia 
lining  of  a  vesicle ;  d,  the  blood  capil- 
lary veiiels  suiTounding  the  vesicles 
c,  coDoid  mass  in  one  of  the  vesicles. 
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SUPKA-EENAL  CAPSULES. 

The  Supra-renal  Capsules  or  Glands,  or  Adrenals,  are 
two  bodies  situated  in  the  cavity  of  the  abdomen,  one 
in  relation  to  the  upper  end  of  each  kidney.    Each  gland 
lies  at  about  the  level  of  the  twelth  dorsal  vertebra,  and 
is  in  contact  with  the  fleshy  part  of  the  crus  of  the  dia- 
phragm by  its  posterior  surface.  In  front  of  the  right  gland 
is  the  liver ;  in  front  of  the  left  gland  are  the  pancreas 
and  spleen.    Each  gland  has  been  compared  in  shape  to  a 
cocked  hat,  and  the  lower  concave  surface  fits  on  the 
upper  end  of  the  kidney,  to  which  it  is  attached  by 
areolar  tissue.    A  fissure,  named  the  hihis,  which  trans- 
mits the  supi'a-renal  vein,  exists  in  the  anterior  surface. 
Each  gland  measures  on  the  average  about      inch  in  its 
vertical  diameter,  1  inch  in  its  transverse,  and  I  inch  in 
thickness.    Kelatively  to  the  size  of  the  entire  body,  these 
glands  are  somewhat  larger  in  new-born  children  than 
in  adults. 

Structure— Th.Q  supra-renal  gland  is  invested  by  a- thin 
capsule  of  connective  tissue ;  it  sends  processes  into  the 
interior  of  the  gland,  which  form  a  trabecular  arrange-  ' 
ment,  in  the  meshes  of  which  cells  are  situated.  -If  the 
gland  be  cut  across,  it  is  seen  to  be  divided  into  an  exter- 
nal, firm  cortical  part,  of  a  yeUow  colour ;  and  a  central, 
soft,  medullary  part,  of  a  deep  brown  colour. 

The  conical  part  consists  of  cells  imbedded  in  a  tra- 
becular framework  of  connective  tissue,  and  is  described  by 
Julius  Arnold  as  if  arranged  in  three  zones.  The  outer 
layer,  or  zona  glomerulosa,  is  thin,  and  its  connective 
tissue  surrounds  roundish  spaces  or  alveoli,  occupied  by 
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groups  of  roundish  or  ovoid  nucleated  cells.  The  middle 
layer,  or  zona  fasciculata,  is  relatively  thick,  and  its  connec- 
tive tissue  is  arranged  in  longitudinal  meshes,  perpendicular 
to  the  surface  of  the  gland ;  the  spaces  or  alveoli  of  the 
meshwork  are  elongated,  and  occupied  by  groups  of  poly- 
hedral ceUs,  arranged^in  parallel  columns,  so  that  this  layer 
presents  a  striated  appearance.  The  inner  layer,  or  zona 
reticularis,  is  thin,  and  its  connective  tissue  forms  a  small 
meshed  network  occupied  by  groups  of  polyhedral  cells.  The 
ceUs  of  the  several  layers  of  the  cortex  are  distinctly  nu- 
cleated ;  the  protoplasm  is  coarsely  granular,  and  in  those 
of  the  inner  layer  contains  pigment  granules ;  sometimes 
delicate  protoplasm  processes  jut  out  from  the  periphery  of 
the  cells.  In  all  the  layers  the  spaces  of  the  meshwork, 
occupied  by  the  groups  of  cells,  are  traversed  by  a  very  fine 
reticulum  of  connective  tissue,  which  separates  the  indi- 
vidual cells  in  each  group  from  each  other. 

The  medullary  part  is  so  soft  as  to  be  easily  broken 
down.  It  is  separated  from  the  cortical  part  by  connective 
tissue,  and  is  traversed  by  a  trabecular  stroma  of  connec- 
tive tissue,  which  forms  a  network,  in  the  meshes  of  which 
tlie  medulla  cells  are  lodged.  These  cells  are  polyhedral  in 
form,  with  a  clear  nucleus,  and  finely  granular  protoplasm, 
free  from  fat  and  pigment.  Delicate  processes  not  un- 
frequently  jut  out  from  the  periphery  of  the  [ceUs,  and 
give  them  a  stellate  form.  Henle  showed  that  they  are 
stamed  deep  brown  by  chromic  acid,  or  bichromate  of 
potash,  which  is  not  the  case  with  the  cortical  cells. 

The  supra-renal  glands  are  supplied  with  blood  by  the 
capsular  branches  of  the  aorta,  and  by  the  capsular 
branches  of  the  phreuic  and  renal  arteries.    They  pierce 
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the  investing  capsule,  and  end  in  a  capillary  plexus,  which 
is  distributed  in  the  trabecular  framework  of  connective 
tissue  ;  and  the  meshes  of  the  capillary  plexus  correspond 
in  their  general  arrangement  with  that  piE  the  connective 
tissue  in  which  they  ramify.     Arnold*' states  that  they 
form  glomeruli  in  the  zona  glomerulosa,  elongated  meshes 
in  the  zona  fasciculata,  and  a  line  network  in  the  zona 
reticularis  and  in  the  medulla.    In  the  medullary  part  the 
large  capsular  vein  arises,  and  smaller  veins  spring  from 
the  capillaries  of  the  cortical  part.    Lymph  vessels  have 
been  seen  to  leave  the  supra  renal  glands,  but  their  distri- 
bution in  them  is  not  known.    Nerves  are  very  abundantly 
distributed  to  the  gland  :  they  are  derived  from  the  renal, 
capsular,  and  phrenic  plexuses  of  the  sympathetic,  and 
from  the  phrenic  and  pneumogastric  nerves  ;  so  abundant 
are  they,  indeed,  that  Bergmann  and  Luschka  consider 
the  glands  to  be  more  intimately  associated  with  tbe 
nervous  system  than  with  any  of  the  other  organic  systems. 
They  traverse  both  the  cortical  and  medullary  parts  of  the 
organ,  and  have  nerve  cells  associated  with  them.  Small 
detached  accessory  supra-renal  glands  are  sometimes  seen. 

The  function  of  the  supra-renal  glands  is  not  fully  ascer- 
tained. A  curious  correlation  between  pathological  changes 
in  these  bodies  and  a  bronzed  hue  of  the  skin,  accom- 
panied by  emaciation  and  debility,  has  been  pointed  out  by 
Addison. 
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PITUITARY  GLAND. 

The  Pituitary  Gland,  or  Hypophysis  cerebri,  is  a  small 
body,  about  the  size  of  a  pea,  situated  in  the  pituitary 
fossa  in  the  upper  surface  of  the  body  of  the  sphenoid 
bone.  It  is  attached  to  the  base  of  the  brain  by  the 
funnel-shaped  process,  or  infundihulum.  It  is  divided 
into  two  lobes,  an  anterior  and  a  posterior.  The  anterior 
is  the  larger,  is  invested  by  a  capsule,  and  is  divided  by  a 
framework  of  connective  tissue  into  a  number  of  small 
alveoli,  which  are  occupied  by  groups  of  polygonal  cells 
arranged  in  the  form  of  columns.  Blood-vessels  pass  into 
the  connective  tissue  framework,  in  which  is  found  a 
capillary  plexus.  The  posterior  lobe  possesses  a  frame- 
work of  connective  tissue,  intermingled  with  varicose  nerve 
fibres,  and  smaU  cells,  some  of  which  are  polygonal,  others 
fusiform.  A  plexus  of  capillaries  lies  in  its  connective 
tissue  stroma.  The  anterior  lobe  corresponds  in  its  type 
of  structure  with  the  supra-renal  capsules,  whilst  the  pos- 
terior lobe  is  an  appendage  of  the  brain. 

The  pituitary  body  is  larger  in  proportion  in  the  foetus 
than  in  the  adult,  and  the  cavity  of  the  third  ventricle  is 
prolonged  into  it  through  the  infundibulum.  Though  its 
function  has  not  been  ascertained,  it  is  found  throughout 
the  vertebrata  at  the  base  of  the  brain. 

t 
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PINEAL  GLAND. 

The  Pineal  Gland,  Couarium,  or  Epiphysis  cerebri,  is 
a  reddish  body,  shaped  somewhat  like  a  minute  fir  cone, 
which  is  enclosed  within  tlie  velum  interpositum  of  the  pia 
mater.  It  lies  on  the  anterior  pair  of  the  corpora  quadri- 
gemina  of  the  cerebrum,  under  cover  of  the  posterior  end 
of  the  corpus  callosum.  Attached  to  its  anterior  surface 
are  two  white  bands  of  nerve  fibres,  which  pass  forwards 
on  the  inner  sides  of  the  optic  thalami,  and  are  named 
the  peduncles  of  the  pineal  gland.  It  is  invested  by  a  cap- 
sule and  is  divided  by  an  internal  framework  of  connective 
tissue  into  small  alveoli,  which  contain  roundish  lymphoid 
cells,  spindle-shaped  cells,  and  multipolar  cells.  The 
stroma  contains  a  network  of  capillary  blood-vessels  and 
meduUated  nerve  fibres.  The  multipolar  cells  are  larger 
than  the  lymphoid  and  spindle-like  cells,  and  are  believed 
by  some  observers  to  be  nervous.  It  is  often  hollowed 
out  into  one  or  two  cavities,  which  contain  not  only  an 
inspissated  fluid,  but  amylaceous  and  gritty  calcareous 
particles,  termed  brain  sand.  It  is  developed  in  relation 
to  the  upper  part  of  the  third  ventricle,  and  is  present 
throughout  the  vertebrata.    Its  function  is  unknown. 
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Development  of  the  Vasculak  System. 

The  vascular  system  is  formed  in  the  middle  or  mesoblast  layer 
of  the  germinal  membrane  of  the  early  embryo. 

The  Blood-vessels  first  appear  in  that  part  of  the  mesoblast  which 
forms  the  vascular  area.  The  cells  of  the  mesoblast  lose  their 
original  spherical  form  and  become  stellate,  the  processes  of  adjacent 
cells  unite  together  ,and  form  a  network,  and  the  nuclei  rapidly 
increase  in  numbers.  The  peripheral  part  of  the  protoplasm  of 
the  steUate  ceUs  differentiates  into  a  waU  of  nucleated  protoplasm, 
and  forms  the  wall  of  the  primary  embryonic  blood-vessel,  the 
central  part  of  the  protoplasm  liquefies  and  forms  vacuoles  in  the 
eeUs,  and  the  nuclei  in  this  liquefied  protoplasm  become  the  blood- 
corpuscles.  If  the  vessel  remains  as  a  capillary,  its  wall  assumes 
merely  the  character  of  a  single  layer  of  endothelial  cells.  ^  If  it 
becomes  an  artery  or  a  vein,  the  mesoblast  cells,  lying  immediately 
external  to  the  primary  blood-tube,  apply  themselves  to  the  exterior 
of  its  wall,  and  differentiate  into  the  muscular  and  elastic  coats 
and  the  tuuica  adventitia.  A  similar  mode  of  development  of  the 
blood-vessels  apparently  takes  place  within  the  body  of  the  embryo 
itself.  The  formation  of  blood-vessels  in  the  healing  of  wounds, 
and  in  some  pathological  processes,  is  also  from  the  cells  of  the  part 
in  which  the  blood-vessels  arise. 

The  Lymph-vessels  also  arise  in  a  manner  closely  resembling  the 
origin  of  blood  vessels.  The  cells  of  the  part  branch  and  anasto- 
mose with  each  other.  According  to  Klein,  vacuoles  appear  in 
these  cells,  so  as  to  form  a  cavity,  and  the  vacuoles  of  adjacent 
cells  in  time  communicate  with  each  other,  and  form  an  anasto- 
mosing series  of  lymph  capillaries.  The  nucleated  protoplasmic 
wall  of  the  cells  forms  the  nucleated  endothelial  wall  of  the  capil- 
liaries,  and  from  this  wall  portions  of  the  protoplasm  may  separate 
off  into  the  lymph-tube  and  form  lymph  corpuscles. 

The  Heart  begins  to  form  in  the  body  of  the  early  embryo  at  the 
same  time  that  the  blood-vessels  appear  in  the  vascular  area.  It  is 
placed  at  the  cephalic  end  of  the  embryo,  close  to  the  cephalic  fold 
of  the  amnion,  and  arises  in  the  splanchno-pleure  layer  of  the  meso- 
blast. It  is  at  first  attached  to  the  primitive  pharynx  by  a  delicate  • 
membranous  fold.  It  has  been  customary  to  regard  it  as  de- 
veloped out  of  a  solid  mass  of  cells,  the  central  part  of  which  mass 
liquefies  to  form  blood  and  blood  corpuscles,  whilst  the  peripheral 
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celk  arrange  themselves  so  as  to  form  the  wall  of  a  single  tube. 
The  cells  of  the  wall  are  contractile,  and  in  the  course  of  tinae 
differentiate  into  muscular  tissue  and  an  endocardium.  But  from 
the  recent  observations  of  Kolliker,  on  the  early  stages  of  develop- 
ment of  the  mammalian  embryo,  it  would  appear  that  the  single 
tube  is  preceded  by  a  stage,  in  which  there  are  two  tubes  situated  side 
by  side,  which,  however,  soon  fuse  together  and  then  form  a  single 
tube.  This  tube  receives  at  its  posterior  end  two  omphalo-mesen- 
teric  veins  from  the  vascular  area.  It  gives  off  anteriorly  two 
arteries,  the  ventral  aortic  roots,  which  run  forwards  at  the  sides  of 
the  primitive  pharynx  ;  they  then  arch  towards  the  embryonic 
spine,  run  backwards  below  the  primordial  vertebrse,  and  form  the 
two  primitive  dorsal  aortce,  from  which  arise  the  omphalo-mesen- 
teric  arteries  that  pass  into  the  vascular  area.  Two  transverse 
constrictions  then  appear  in  the  wall  of  the  simple  heart  tube, 
which  indicate  a  differentiation  into  three  chambers — a  posterior 
or  primitive  auricle;  an  anterior,  the  arterial  bulb  or  truncus 
commionis  artcriosiis ;  and  an  intermediate  chamber  or  primitive 
ventricle.  At  the  same  time,  a  sigmoid  bend  takes  place  in  the 
tube,  which  becomes  doubled  on  itself,  so  as  to  throw  the  primitive 
auricle  on  the  dorsal  surface  of  the  primitive  ventricle.  This  con- 
dition of  the  heart  in  the  human  embryo  is  found  at  about  the 
third  week  of  development,  and  it  represents  the  permanent  condi- 
tion of  the  organ  in  fish.  A  few  cases  have  been  recorded  in  which 
the  development  of  the  human  heart  had  not  passed  beyond  this 
stage,  and  the  child  was  bom  with  only  a  single  auricle  and  a  single 
ventricle. 

Changes  then  begin  to  take  place  in  the  interior  of  the  three 
chambers  into  which  the  tube  has  become  divided,  which  result  in 
the  conversion  of  the  single  auricle  into  two  auricles,  of  the  single 
ventricle  into  two  ventricles,  and  of  the  truncus  communis  arteriosus 
into  the  ascending  aorta,  and  the  trunk  of  the  pulmonary  artery. 

The  conversion  of  the  primitive  ventricle  into  two  ventricles  is 
due  to  the  formation  of  a  muscular  septum  in  the  ventricular 
chamber.  It  appears  at  about  the  sixth  week  in  the  human  heart, 
and  grows  from  the  apex  to  the  base  of  the  ventricle.  The  apex  of 
the  ventricle  then  becomes  the  apex  of  the  heart,  and  a  groove,  on 
the  anterior  and  posterior  surfaces  of  the  ventricular  part  of  the 
heart,  marks  the  position  of  the  two  borders  of  the  septum.  The 
base  of  the  septum,  and  the  bases  of  the  ventricles,  are  directed  to 
the  auricles  and  the  orifices  of  the  great  arteries.  The  septum  is 
complete  about  the  eighth  week,  and  the  two  ventricles  then  form 
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two  distinct  chambers.  In  rare  cases  the  development  of  the  sep- 
tum stops  short  before  its  base  is  finished,  and  then  the  two  ven- 
tricles have  a  permanent  direct  communication  with  each  other. 
This  malformation  of  the  human  heart  corresponds  with  the  normal 
consti-uction  of  the  heart  in  the  Chelonia  and  Scaly  Reptiles. 

The  primitive  auricle  is  larger  in  size  than  the  primitive  ventricle» 
and,  before  its  division  takes  place,  two  pouch-like  projections,  the 
right  and  left  auricular  appendages,  appear  on  its  walls.  The 
conversion  of  the  primitive  auricle  into  two  auricles  is  due  to  th 
formation  of  a  septum  in  the  auricular  chamber.  This  septum 
appears  about  the  eighth  or  ninth  week,  and  not  until  the  ventri- 
cular septum  is  completed.  It  springs  as  a  muscular  septum  from 
the  anterior  and  upper  wall  of  the  auricle  and  the  base  of  the  ven- 
tricular septum,  and  grows  into  the  auricular  chamber,  in  the 
direction  of  the  mouths  of  the  great  veins.  About  the  end  of  the 
sixth  month  the  septum  has  grown  so  much  that  the  anterior  parts 
of  the  two  auricles  are  separated  from  each  other,  but  they  freely 
communicate  posteriorly,  and  the  great  veins  open  therefore  into  the 
common  cavity.  These  veins  are  now  three  in  number,  and  constitute 
the  inferior  vena  cava,  the  right  superior  cava,  and  the  left  superior 
cava,  the  last  of  which  subsequently  becomes  modiiied  into  the 
coronary  sinus.  A  crescentic  membranous  fold,  which  grows  to- 
wards the  upper  and  lower  boundaries  of  the  auricle,  then  arises 
from  the  left  wall  of  the  inferior  cava.  At  the  same  time  it  projects 
into  the  auricular  chamber,  and  approximates  to  the  muscular  part 
of  the  septum,  but  between  the  two  a  hiatus,  called  the  foramen 
male,  exists,  during  the  whole  of  intra-uterine  life.  With  the 
growth  of  the  membranous  part  of  the  septum,  the  orifice  of  the 
inferior  vena  cava,  which  at  first  opened  towards  the  left  half  of 
the  auricular  chamber,  is  directed  into  the  right  auricle  ;  but  up  to 
the  birth  of  the  child  the  blood  of  the  inferior  cava  flows  through 
the  foramen  ovale  into  the  left  auricle.  Some  days  after  the  child 
is  bom,  the  number  of  which  varies  in  diflferent  instances,  the 
foramen  ovale  closes  up  by  the  union  of  the  anterior  and  posterior 
parts  of  the  auricular  septum,  and  the  two  auricles  are  then  com- 
pletely separated  from  each  other.  In  some  cases  the  closure  of 
the  foramen  is  not  complete,  and  a  small  valvular  opening  remains 
in  the  septum  throughout  life  ;  more  rarely  the  opening  is  large, 
and  allows  of  a  mixture  of  the  blood  of  the  two  sides  of  the  heart. 
From  the  right  wall  of  the  inferior  cava,  a  membranous  fold,  the 
Eustachian  valve,  arises,  which  grows  to  the  border  of  the  anterior 
part  of  the  auricular  septum,  where  it  forms  the  annulus  ovalis,  or 
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anterior  boundary  of  the  foramen  ovale.  It  directs  the  blood  of  the 
iuferior  cava  through  this  foramen  into  the  left  auricle. 

The  auriculo-ventricular  valve  arises  around  the  aperture  of  com- 
munication between  the  auricle  and  ventricle  as  a  semilunar  fold 
of  the  endocardium.  These  folds  then  become  connected  with  the 
muscular  trabeculse  of  the  ventricular  walls,  which  differentiate 
into  the  musculi  papillares,  whilst  the  chordae  tendinese  are  pro- 
duced by  the  depending  border  of  the  valve  assuming  a  fenestrated 
appearance. 

The  conversion  of  the  truncus  communis  arteriosus  into  the 
ascending  aorta,  and  the  trunk  of  the  pulmonary  artery,  is  due  to 
the  formation  of  a  longitudinal  septum  in  the  single  arterial  trunk. 
This  septum  begins  to  form  about  the  same  time  as  the  ventri- 
cular septum,  and  consists  of  two  folds  projecting  one  from  each 
side  of  the  inner  surface  of  the  common  arterial  trunk.  These 
folds  meet  about  the  eighth  week,  and  the  vessel  is  then  divided 
into  the  trunk  of  the  pulmonary  artery  and  the  ascending  aorta. 
The  pulmonary  artery  becomes  continuous  with  the  now  differen- 
tiated right  ventricle  ;  at  its  lower  end  it  lies  in  front  of  the  aorta, 
and  then  winds  round  it  to  its  left  side.  The  ftscending  aorta, 
again,  becomes]continuous  with  the  left  ventricle,  and,  though  situ- 
ated at  its  commencemeat  behind  the  pulmonary  trunk,  it  subse- 
quently appeiirs  anterior  to  it  and  to  the  right  side.  That  part  of 
the  arterial  septum  is  last  formed  which  lies  nearest  the  base  of  the 
ventricles ;  and  in  connection  with  this  circumstance  it  may  be 
mentioned,  that  some  cases  of  malformation  of  the  human  heart 
have  been  seen,  in  which  the  aorta  and  pulmonary  artery  directly 
communicated  with  each  other,  through  a  deficient  formation  of  this 
part  of  the  septum. 

It  has  already  been  stated  that  the  truncus  communis  arteriosus 
bifurcates  anterioriy  into  the  two  ventral  aortic  roots,  which  lie  at 
the  sides  of  the  primitive  pharynx,  and  then  arch  backwards, 
parallel  to  the  rudimentary  spine,  as  the  two  primitive  dorsal 
aortffi.  The  arches  formed  by  these  two  vessels  form  the  1st  pair 
of  Vascular  Arches.  As  the  neck  of  the  embryo  elongates,  these 
arches  also  elongate,  and  in  their  concavity  four  additional  pairs  of 
vascular  arches  form,  successively  from  before  backwards,  and  are 
named  the  2nd,  3rd,  4th,  and  5th  pairs.of  vascular  arches.  All  five 
pairs,  however,  are  not  present  at  the  same  time,  for  before  the  5th 
pair  appears,  about  the  fourth  or  fifth  week  in  the  development  of 
ihe  human  embryo,  the  1st  and  often  the:2nd  pair  have  disappeared 
The  first  pair  of  vascular  arches  are  as  far  forward  as  the  1st  visceral 
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arc*,  in  which  the  lower  jaw  is  developed,  and  the  2nd,  3rd,  and  4th 
pairs  are  in  the  corresponding  visceral  arches.    The  1st,  2nd,  and 
3rd  pairs  spring  from  the  ventral  aortic  roots  ;  the  4th  pair  from 
that  part  of  the  truncus  communis  which  subsec[uently  becomes 
the  ascending  aorta,  and  the  6th  pair  from  the  part  of  the  truncus 
communis  which  becomeslthe  trunk  of  the  pulmonary  artery.    Al  I 
five  pairs  of  arterial  arches  join  the  primitive  dorsal  aortae,  and 
form,  at  their  junction  with  it,  the  dorsal  aortic  roots.    The  primi- 
tive dorsal  aorta  is  at  first  two  distinct  vessels  lying  parallel  and 
close  to  each  other  ;  they  subsequently  coalesce  in  the  dorsal  and 
lumbar  regions  of  the  embryo,  and  form  the  descending  thoracic 
and  abdominal  portions  of  the  aorta,  which  is  thus,  as  was  demon- 
strated by  Allen  Thomson,  a  secondary  vessel  formed  by  the  fusion 
of  two  originally  distinct  arteries.    Two  or  three  cases  have  been 
seen  in  which  the  fusion  between  the  two  primitive  vessels  has  not 
been  completed,  and  the  aorta  has  been  divided  into  two  canals  by 
a  longitudinal  septum.    The  descending  thoracic  and  abdominal 
part  of  the  aorta  have  numerous  branches  developed  in  connection 
with  them,  which  supply  the  parietes  of  the  thorax  and  abdomen, 
the  pelvis,  and  the  lower  limbs.    But  further,  two  arteries  are  de- 
veloped in  the  wall  of  the  allantois,  which  become  continuous  through 
the  iliac  arteries  with  the  abdominal  aorta.    During  the  later  period 
of  embryonic  life  they  attain  a  large  size,  convey  the  blood  to  the 
placenta,  and  are  named  the  hypogastric  or  umbilical  arteries. 

The  vascular  arches  in  the  early  human  embryo  have  a  general 
resemblance  to  the  arrangement  of  the  branchial  arteries  in  the  gills 
of  fish  and  amphibia,  but  in  man  and  the  higher  vertebrates  gills 
are  not  formed  in  connection  with  them.  In  reptiles,  birds,  and 
animals  they  have  a  similar  arrangement  to  what  has  just  been 
described  in  the  human  embryo.  In  man,  and  all  the  higher 
vertebrates,  the  vascular  arches  undergo  a  metamorphosis  as  the  de- 
velopment of  the  embryo  advances.  Some  of  the  arches,  as  the  1st 
and  2d,  atrophy  and  disappear,  whilst  others  undergo  a  great  in- 
crease in  size,  and  give  rise  to  those  arteries  which  are  known  in 
human  anatomy  as  the  arch  of  the  aorta,  the  right  and  left  pulmonary 
arteries  and  ductus  arteriosus,  the  innominate  artery,  the  common, 
internal,  and  external  carotid  arteries,  and  the  subclavian  arteries. 

In  man,  and  all  the  other  mammalia,  the  4th  left  arch,  and  tlie 
part  of  the  dorsal  aortic  root  which  connects  the  4th  and  5th  left 
arches,  undergo  a  great  increase  in  size,  in  correspondence  with  the 
growth  of  the  embryo,  and  forms  the  transverse  part  of  the  arch  of 
the  aorta,  which  arches  above  the  root  of  the  left  lung,  and  consti- 
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tutes  what  is  called  a  left  aorta.  Tlie  4tli  right  arch  alao  increases 
in  size,  though  not  to  the  same  extent  as  the  left,  and  forms  the 
innominate  artery,  and  the  first  and  second  parts  of  the  right  sub- 
clavian artery  of  human  anatomy ;  whilst  the  third  part  of  this 
artery,  with  the  axillary,  seems  to  he  a  lateral  twig,  from  the  dorsal 
aortic  root,  that  connects  the  4th  and  5th  vascular  arches. 
The  left  subclavian  again  is  apparently  in  its  whole  extent  a 
lateral  branch  of  the  dorsal  aortic  root,  connecting  the  4th  and  5th 
vascular  arches.    The  common  carotid  artery  is  formed  by  a  great 


Fig.  159. — Diagram  of  the  Vascular  Arches,  to  illustrate  tlieir  conversion  into  the 
great  arteries  (after  Ruthlte.)  1  to  5,  the  five  pairs  of  vascular  ai'ches ;  v,  the 
two  ventral  aortic  roots;  oo,  the  right  dorsal  aortic  root;  a,  internal  carotid;  b, 
external  carotid;  c,  common  carotid;  d,  the  part  of  the  truncus  communis 
which  developes  into  the  ascending  aorta;  e,  transverse  part  of  arch  of  aoi'ta; 
/.  descending  aorta;  y  and  h,  left  vertebral  and  subclavian  arteries;  i  and  I, 
right  subclavian;  k,  right  vertebral;  m,  the  part  of  the  truncus  communis 
which  developes  into  the  trunk  of  the  pulmonary  artery ;  n,  the  5th  left  arch 
wliich  gives  off  the  right  and  left  pulmonary  arteries,  and  f omis  the  ductus 
arteriosus  represented  by  the  dotted  line  in  the  figure.  The  shaded  parts  indicate 
the  permanent  vessels,  whilst  those  left  in  outline,  atrophy,  and  disappear. 

increase  in  size  of  the  ventral  aortic  root,  which  joins  the  3rd  and 
4th  vascular  arches  :  the  external  carotid  is  a  dilatation  of  the  more 
anterior  part  of  the  same  root  connecting  the  3rd  with  the  2nd,  and 
the  2nd  with  the  1st  vascular  arch.  The  internal  carotid  ai-tery  is 
produced  by  a  great  increase  in  the  size  of  the  3rd  vascular  arch, 
and  of  the  dorsal  aortic  root  between  the  3rd  and  2nd,  and  2nd  and 
1st  vascular  arches.  The  descending  thoracic  aorta,  as  already 
stated,  is  formed  by  the  fusion  of  the  two  dorsal  aortic  roots  ;  whilst 
the  ascending  aorta  is  one  of  the  two  vessels  into  which  the  truncus 
communis  is  divided. 
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The  trunk  of  the  pulmonary  artery  is  the  other  division  of  the 
truncus  communis  arteriosus.  It  is  continuous  with  the  5th  pair 
of  vascular  arches.  Of  these  the  5th  right  arch  atrophies,  and  dis- 
appears at  an  early  period  of  embryonic  life.  The  5th  left  arch 
again  increases  in  size,  forms  the  ductus  arteriosus,  or  Botalian 
duct,  and  conveys  the  blood  directly  from  the  trunk  of  the  pul- 
monaiy  artery  into  the  aorta,  immediately  beyond  the  origin  of  the 
left  subclavian  artery.  From  the  5th  left  arch  two  collateral  twigs 
arise,  the  one  of  which  passes  to  the  root  of  the  right  lung,  the  other 
to  that  of  the  left  lung,  and  form  the  right  and  left  branches  of 
the  pulmonary  arteiy.  After  the  birth  of  the  child,  when  respira- 
tion by  the  lungs  commences,  the  ductus  arteriosus  begins  to  close, 
and  in  the  second  or  third  week  has  shrivelled  up  into  a  fibrous 
cord  ;  the  right  and  left  pulmonary  arteries  also  increase  in  size, 
so  as  to  convey  all  the  blood  of  the  right  or  pulmonic  side  of  the 
heart  into  the  lungs. 

In  birds  and  reptiles,  the  right  pulmonary  artery  is  developed  from 
the  right  5th  vascular  arch,  and  the  left  pulmonary  artery  from  the 
left  5th  vascular  arch,?  so  that  in  these  animals  there  are  two 
Botalian  ducts  during  foetal  life,  and  in  some  families  of  reptiles 
these  are  found  even  in  the  adult. 

In  birds  the  arch  of  the  aorta  is  de- 
veloped from  the  4th  right  vascular 
arch  and  right  dorsal  aortic  root,  and 
arches  above  the  right  bronchus,  so  that 
the  aorta  in  this  class  is  a  right  aorta. 
Sometimes  in  the  human  body  the  arch 
of  the  aorta  follows  the  avian  and  not 
the  mammalian  type  of  development, 
and  a  right  and  not  a  left  aorta  is  pre- 
sent. 

In  reptiles,  again,  both  4th  vascular 
arches,  with  the  corresponding  parts  of 
the  dorsal  aortic  roots,  persist,  so  that 
the  aorta  is  a  double  aorta,  an  arch 
existing  both  on  the  right  and  left 
sides.  A  few  cases  have  been  seen  in 
man  in  which  the  aorta  possessed  this 
reptilian  arrangement. 

But  the  vascular  arches  and  aortic 
roots  may  undergo  other  metamorphoses  than 
scribed,  which  may  lead  to  the  production  of  other  variations  in  the 


Fig.  IGO.  Scheme  of  the  mode  of 
formation  of  a  double  arch  nf 
the  aorta,  through  the  persist- 
ence of  both  fourth  vascular 
arches,  and  the  Immediately 
adjacent  dorsal  aortic  roots, 

those  above  de- 
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arrangement  of  the  great  arteries,  examples  of  which  are  occaslon- 
aUy  seen  in  the  human  subject.  It  would  be  out  of  place  in 
this  elementary  work  to  enter  further  into  this  matter,  but  I  may 
refer  for  more  complete  information  to  my  memoir  on  this  subject 
in  the  British  and  Foreign  Medico- CMrurgical  Review,  1862. 

The  V 'ATis  that  first  appear  in  the  development  of  the  human 
embryo  are  the  omphalo-mesenteric  veins,  which  arise  in  the  vascu- 
lar area  situated  in  the  waU  of  the  umbiUcal  vesicle.  These  veins 
unite  into  a  single  trunk  which  opens  into  the  primitive  auricle. 
As  the  allantois  grows  out  from  the  pelvic  region  of  the  body  of  the 
embryo  to  reach  the  chorion,  and  assist  in  the  formation  of  the 
foetal  placenta,  two  umbilical  veins  appear  in  its  wall  in  about  the 
fourth  week  of  utero-gestation.  In  the  fifth  week  one  of  these 
veins  has  disappeared,  and  the  remaining  one  enlarges  and  forms 
the  umbiUcal  vein,  which  conveys  the  blood  from  the  placenta  to 
the  embryo  throughout  the  rest  of  fcetal  life.  It  joins  at  its  proximal 
end  the  omphalo-mesenteric  vein.  As  the  umbilical  vein  Ues  in 
one  part  of  its  course  in  the  region  occupied  by  the  liver,  it  becomes 
connected  with  the  veins  of  the  liver.  The  veins  developed  in 
connection  with  the  spleen  and  abdominal  portion  of  the  alimen- 
tary canal  are  the  splenic,  gastric,  and  mesenteric  veins,  which,  by 
their  union,  form  the  portal  vein,  and  the  portal  is  in  direct  com- 
munication with  the  umbUical  vein.  Veins  develope  in  the  rudi- 
mentary lower  limbs,  and  in  the  pelvis,  which  become  the  femoral, 
external  iliac,  and  common  iliac  veins,  whilst  the  internal  iliac  are 
believed  to  be  the  lower  ends  of  the  two  cardinal  veins.  The  two 
common  iHac  veins  join  to  form  the  inferior  vena  cava,  which,  as 
it  ascends  to  the  liver,  receives  the  renal,  capsular,  and  spermatic 
veins,  and  veins  from  the  parietes  of  the  abdomen.  In  the  region 
of  the  liver  it  is  connected  to  the  umbilical  vein  by  the  ductus 
vmosus,  and  it  receives  the  hepatic  veins.  It  opens  into  the  auricle 
of  the  heart. 

Two  cardinal  veins  are  developed  in  the  thoracico- abdominal 
cavity,  which  return  the  blood  from  the  Wolffian  bodies  and  the 
walls  of  the  trunk  5  and  two  primitive  jugular  veins  are  developed 
in  the  head  and  neck,  which  return  the  blood  from  these  regions. 
The  primitive  jugular  and  cardinal  vein  on  each  side  join  in  the 
cervico-thoracic  region  to  form  a  vein  called  the  duct  of  Cuvier,  and 
the  two  ducts  of  Cuvier  open  into  the  auricle  of  the  heart.  The 
upper  part  of  the  primitive  jugular  subsequently  becomes  the  exter- 
nal jugular  vein.  At  its  lower  end  the  primitive  jugular  on  each 
side  is  joined  by  veins,  which  become  the  internal  jugular  and  sub- 
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clavian  veins.  The  conjoined  right  jugular  and  subclavian  veins 
form  the  right  innominate  vein.  A  transverse  communicating  vein 
is  developed,  which  connects  the  right  innominate  with  the  con- 
joined left  jugular  and  subclavian,  and  forms  the  left  innominate 
vein.  The'two  innominate  veins  are  continuous  below  with  the  right 
duct  of  Cuvier,  which  has  undergone  a  commensurate  enlargement, 
and  forms  the  right  or  persistent  superior  vena  cava.  The  left  duct 
of  Cuvier  does  not  undergo  a  commensurate  increase  in  size,  but 
almost  entirely  disappears,  except  at  its  lower  end,  which  forms 
the  coronary  sinus,  and  opens  into  the  right  auricle.  Traces  of  the 
vessel,  however,  as  was  pointed  out  by  Marshall,  exist  in  a  small 
vein,  which  passes  obliquely  from  this  sinus  along  the  wall  of  the 
left  auricle,  and  in  the  vestigial  fold  of  the  pericardium. 

The  upper  end  of  the  right  cardinal  vein  becomes  the  part  of  the 
vena  azygos  which  joins  the  superior  cava.  The  upper  end  of  the 
left  cardinal  vein  becomes  the  left  superior  intercostal  vein,  which 
usually  joins  the  left  innominate  vein.  The  lower  ends  of  the  car- 
dinal veins,  as  already  stated,  form  the  internal  iliac  veins.  The 
intermediate  portions  of  the  cardinal  veins  are  said  to  ati-ophy,  and 
their  place  is  taken  by  two  posterior  vertebral  veins,  which  receive 
the  intercostal  veins,  and  form  the  left  azygos  vein,  and  the  lower 
part  of  the  right  azygos,  which  afterwards  become  continuous  with 
the  upper  end. of  the  azygos  developed  from  the  right  cardinal 
vein. 

In  birds,  and  in  some  mammals,  the  left  duct  of  Cuvier  persists, 
and  forms  a  left  suijeiior  cava.  A  few  cases  have  also  been  seen  in 
man  in  which  the  left  duct  of  Cuvier  had  not  atrophied,  and  a 
right  and  a  left  superior  vena  cava  opened  into  the  right  auricle  ; 
in  these  cases,  the  transverse  communicating,  or  left  innominate 
vein,  was  either  altogether  absent  or  only  feebly  developed. 

WMlst  these  changes  are  going  on  in  the  heart,  and  in  the 
arrangement  of  the  great  vessels,  the  position  of  the  heart  is  also 
altered.  "With  the  formation  and  elongation  of  the  neck,  the  heart 
is  further  removed  from  the  head,  in  close  proximity  to  which  it 
had  first  appeared,  and  becomes  enclosed,  by  the  development  of 
the  ribs  and  sternum,  in  the  thoracic  cavity.  The  carotid  arteries 
and  jugular  veins  at  the  same  time  become  greatly  elongated.  As 
the  pneumogastric  nerves,  which  supply  branches  to  the  heart, 
accompany  these  vessels,  they  become  elongated  likewise.  In  the 
early  embryo  each  pneumogastric  gives  off -its  recurrent  laryngeal 
nerve  opposite  the  fifth  vascular  arch,  around  which  the  nerve 
turns  in  its  asceut  to  the  larynx.    When  the  fifth  right  arch  com- 
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pletely  disappears,  the  nerve  then  turns  around  the  first  part  of  the 
subclavian,  which  represents  the  4th  right  arch.  As  the  fifth  left 
arch,  however,  persists  throughout  life  as  the  obliterated  ductus 
arteriosus,  the  left  recurrent  nerve  bends  immediately  below  it  be- 
fore it  ascends  behind  the  transverse  part  of  the  arch  of  the  aorta. 

Owing  to  the  progressive  changes  which  take  place  in  the  heart 
during  its  formation,  the  circulation  of  the  blood  through  it  is 
necessarily  much  modified  in  the  course  of  its  development.  When 
the  heart  is  in  its  primitive  stage  of  single  cavities,  the  blood  flows 
from  the  veins  successively  into  the  auricle,  ventricle,  and  truncus 
communis  arteriosus,  as  a  single  stream.  But  when  the  ventricle 
is  divided  into  two  chambers,  each  communicating  with  a  distinct 
artery,  derived  from  the  division  of  the  truncus  communis,  then  the 
blood  is  divided  in  these  parts  of  the  heart  and  great  vessels  into 
two  streams.  As  the  division  of  the  auricle  into  two  chambers 
takes  place  at  a  later  period  than  that  of  the  ventricle,  the  subdivi- 
sion of  the  blood  into  two  streams  does  not  take  place  so  early  in 
that  cavity.  In  the  later  stages  of  intra-uterine  life,  when  the  left 
duct  of  Cuvier  has  atrophied,  the  superior  and  inferior  venae  cavse 
have  attained  their  proportional  size,  and  the  auricular  septum  has 
become  developed,  though  with  the  foramen  ovale  patent,  the  cir- 
culation of  the  blood  through  the  heart  is  as  follows  : — 

The  blood  of  the  inferior  cava,  which  consists  not  only  of  the  im- 
pure venous  blood  irom  the  infra-diaphragmatic  parts  of  the  body, 
but  of  the  blood  of  the  umbilical  vein  from  the  placenta,  flows  into 
the  right  auricle,  but  is  at  once  directed  by  the  Eustachian  valve 
through  the  foramen  ovale  into  the  left  auricle.  It  then  flows  into 
the  left  ventricle  and  the  ascending  and  transverse  parts  of  the 
aorta,  from  which  it  principally  proceeds  through  the  carotid  and 
subclavian  arteries  into  the  head,  neck,  and  upper  limbs,  only  a 
small  proportion  apparently  passing  into  the  descending  aorta. 

The  blood  of  the  superior  cava  again  is  solely  venous,  which  is 
returned  by  this  great  vein  from  the  head,  neck,  upper  limbs,  and 
walls  of  the  chest.  It  flows  into  the  right  auricle,  where  it  may 
acquire  a  slight  admixture  with  the  blood  of  the  inferior  cava.  By 
this  auricle  it  is  propelled  into  the  right  ventricle,  and  thence  into 
the  pulmonary  artery.  Only  a  small  part  of  this  venous  blood 
passes  into  the  right  and  left  pulmonary  arteries  ;  the  greater  part 
flows  through  the  ductus  arteriosus  into  the  descending  aorta,  by 
which  it  is  distributed,  not  only  to  the  infra-diaphragmatic  parts 
of  the  body,  but  by  the  hypo-gastric  and  umbilical  arteries  to  the 
placenta.     In  the  foetus,  therefore,  the  blood  which  circulates 
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througli  the  heart  and  arteries  is  mixed  blood.  The  precise  differ- 
entiation of  the  blood  of  the  two  sides  of  the  heart  into  a  right  ven- 
ous side,  and  a  left  arterial  side  does  not  take  place  until  after  the 
birth  of  the  child,  when  the  pulmonary  respiration  being  estab- 
lished, the  ductus  arteriosus  becomes  obliterated,  and  the  foramen 
ovale  becomes  closed. 

The  Ductless  Glands  for  the  most  part,  though  not  entirely,  are 
developed  from  the  mesoblast. 

The  Spleen  arises  from  a  mass  of  cells  situated  in  connection  with 
the  meso-gastric  fold  of  the  stomach.  These  cells  belong  to  the 
mesoblast,  and  form  originally,  as  Peremeschko  has  shown,  a  mass 
common  to  both  spleen  and  pancreas.  A  constriction  then  forms 
which  separates  the  mass  into  a  left,  or  splenic,  and  a  right,  or 
pancreatic  portion.  Into  the  pancreatic  portion  a  prolongation  of 
the  hypoblast  lining  of  the  primitive  alimentary  canal  passes,  but 
not  into  the  splenic  portion.  An  ai-tery  grows  into  the  spleen 
mass  from  the  aorta,  and  the  collection  of  cells  dilFerentiates  into 
the  proper  textures  of  the  spleen. 

The  Supra-renal  capsules  arise,  as  was  pointed  out  by  Goodsir, 
from  a  mass  of  cells  situated  between  the  two  Wolffian  bodies. 
These  cells  belong  to  the  mesoblast  layer  of  the  embryo.  Kolliker 
cousiders  that  the  two  capsules  are  originally  one  organ,  which 
subsequently  separates  into  two  lateral  portions.  At  first  the  supra- 
renal capsules  are  larger  than  the  kidneys,  but  their  subsequent 
growth  is  not  so  rapid,  so  that  the  kidneys  soon  surpass  them  in 
size. 

The  Thymus  arises,  according  to  Simon,  in  a  membranous  sub- 
stance situated  parallel  and  close  to  the  carotid  arteries.  This  mem- 
brane is  probably  derived  from  the  mesoblast. 

The  Thyroid  arises  from  a  rounded  mass  of  mesoblast  cells  situ- 
ated in  relation  to  the  first  pair  of  vascular  arches.  W.  Miiller  states 
that  a  prolongation  of  the  hypoblast  lining  of  the  pharynx  is  con- 
tinued into  it.  It  is  probable,  therefore,  that,  whilst  the  vascular 
connective  tissue  of  the  thyroid  is  of  mesoblast  origin,  the  cellular 
lining  of  its  vesicles  is  derived  from  the  hypoblast.  This  difference 
in  the  origin  of  the  thyroid,  as  compared  with  the  thymus  and 
spleen,  is  an  additional  argument  to  that  derived  from  their  struc- 
tural differences,  against  the  physiological  identity  of  these  organs. 

The  Pituitary  gland  consists  of  two  lobes  developed  from  very  dif- 
ferent parts.  The  posterior  lobe  is  a  downward  prolongation  of  the 
fioor  of  the  third  cerebral  ventricle,  with  which  it  is  continuous 
through  the  infundibulum  ;  it  is  derived  therefore  fr  om  the  epi- 


586 


ANATOMY. 


blast.  The  anterior  lobe,  as  has  been  shown  by  the  recent  observa- 
tions of  "W.  Miiller,  Gotte,  and  Mihalkovics,  is  an  upward  prolon- 
gation from  the  upper  part  of  the  back  of  the  embryo  mouth,  in 
front  of  the  anterior  end  of  the  chorda  dorsalis.  This  buccal  pro- 
longation is  continuous  with  the  epiblast  lining  of  the  mouth,  but 
is  subsequently  cut  off  from  it  by  the  growth  of  the  cartilaginous 
floor  of  the  skull.  The  two  lobes  then  fuse  together  into  a  single 
organ,  which  is  lodged  in  the  pituitary  fossa  of  the  sphenoid  bone. 

The  development  of  the  Pineal  gland  has  not  been  definitely 
ascertained ;  but  from  its  relation  to  the  optic  thalami  it  evidently 
arises  in  connection  with  the  thalami  from  the  thalamencephalon, 
or  posterior  division  of  the  anterior  cerebral  vesicle.  As  it  is  so 
closely  invested  by  the  pia  mater,  some  have  supposed  that  it 
might  be  developed  in  connection  with  that  membrane. 


CHAPTEE  VIII. 
THE  LAEYNX,  OE  OEGAN  OF  VOICE. 


The  Larynx,  or  Organ  of  Voice,  is  the  upper  end  of  the 
windpipe,  which,  whilst  performing  the  function  of  a 
respiratory  tube,  is  especially  modified  in  its  construction 
for  the  production  of  the  voice. 

The  larynx  lies  in  the  middle  of  the  anterior  part  of  the 
neck,  in  front  of  the  pharynx,  and  immediately  below 
the  hyoid  bone.  It  passes  downwards  to  opposite  the 
body  of  the  sixth  cervical  vertebra,  where  it  becomes  con- 
tinuous with  the  trachea.  It  is  covered  by  the  sterno- 
hyoid, sterno-thyroid,  thyro-hyoid,  and  omo-hyoid  muscles, 
cervical  fascia  and  skin;  and  the  lateral  lobes  of  the 
thyroid  body,  with  the  upper  ends  of  the  two  common 
carotid  arteries,  lie  at  its  sides.  It  forms  a  tube,  the  wall 
of  which  is  composed  of  a  framework  of  cartilages, 
jointed  together  and  movable  on  each  other  by  the  action 
of  special  muscles.  Within  the  tube  are  the  vocal  cords, 
by  the  vibrations  of  which  the  .voice  is  produced.  It  is 
lined  by  a  glandular  mucous  membrane,  and  is  supplied 
by  blood-vessels  and  nerves. 
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Cartilages  of  the  Larynx. 

The  cartilages  of  the  larynx  are  nine  in  number,  and 
form  its  framework.  They  consist  of  three  single  cartilages, 

the  thyroid,  the  cricoid, 
and  the  epiglottis ;  and 
of  three  pairs  of  car- 
tilages, the  two  ary- 
tenoid, the  two  corni- 
cula  laryngis,  and  the 
two  cuneiform  carti- 
lages. 

The  Thyeoid,  or 
shield-like  cartilage,  is 
the  largest  of  the  car- 
tilages of  the  larynx, 
It  is  situated  anteriorly, 
and  laterally,  and  con- 
sists of  two  quadri- 
lateral plates  or  al<x, 
which  are  united  to- 
gether by  their  anterior 
borders,  where  they 
form,  especially  in  the 
neck  of  a  man,  a  project- 
ing angle,  or  prominence 
in  the  middle  line  of  the 
front  of  the  neck,  fami- 
liarly known  as  Adam's 
apple,  2^omum  Adaini 
From  this  border  of  union  the  plates  project 


Fia.  161.— Cartilages  of  the  Larynx  seen 
from  behind.  E,  epiglottis  ;  T,  thyroid 
cartilage  ;  C,  cricoiil  cartilage ;  AA,  ary- 
tenoid cartilages ;  CI,  cornicula  laryngis 
Tr,  trachea;  H,  hyoid  bone;  kh,  kerato- 
hyoid  or  small  cornu;  th,  tliyro-hyoid,  or 
great  cornu ;  thl,  thyro-hyoid  ligament ; 
sc,  superior  cornu,  and  w,  inferior  coniu 
of  thyroid  cartilage;  te,  fhyro-epiglot- 
tidean  ligament;  e,  external  process  of 
arytenoid  cartilage:  pea,  surface  of  origin, 
of  posterior  crico-arytenoid  muscle. 


(fig.  168). 
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backwards,  diverging  from  each  other  to  form  a  retreat- 
ing angle,  and  enclosing  the  smaller  cartilages  of  the 
larynx.  Each  plate  is  marked  on  its  outer  surface  by  an 
oblique  ridge  for  the  attachment  of  the  thyro-hyoid  and 
sterno-thyroid  muscles,  whilst  the  inner  surface  is  smooth, 
and  for  the  most  part  covered-  by  mucous  membrane. 
The  upper  border  of  each  plate  is  attached  to  the  hyoid 
bone  by  a  broad  fibro-elastic  membrane,  the  thyro-hyoid  mem- 
brane, and  the  lower  border  is  united  to  the  upper  border 
of  the  cricoid  cartilage  by  the  crico-thyroid  membrane. 
The  posterior  border  gives  attachment  to  the  palato- 
pharyngeus  and  the  stylo-j)haryngeus  muscles,  and  is  pro- 
longed into  two  cornua.  The  superior  cornu  is  attached 
to  the  tip  of  the  great  cornu  of  the  hyoid  by  a  rounded 
elastic  band,  the  thyro-hyoid  ligament,  in  which  a  nodule 
of  cartUage,  cartilago  triticea,  is  often  situated ;  the  inferior 
cornu  is  short,  and  articulates  with  the  side  of  the  cricoid 
cartilage  by  a  movable  joint. 

The  CilicoiD,  or  ring-like  cartilage,  is  the  lowest  cartilage 
of  the  larynx,  and  completely  surrounds  the  tube.  Its 
vertical  diameter  posteriorly  is  about  one  inch,  but  an- 
teriorly not  more  than  \  inch.  Its  outer  surface  possesses 
posteriorly  a  mesial  vertical  ridge,  to  the  side  of  which  is 
a  depression  for  the  origin  of  the  posterior  crico-arytenoid 
muscle  (fig,  161).  On  each  lateral  aspect  of  the  cartilage 
is  an  articular  facet  for  the  inferior  cornu  of  the  thyroid 
cartilage,  anterior  to  which  is  a  surface  for  the  attachment 
of  the  crico-thyroid  muscle.  The  inner  surface  of  the 
cricoid  cartilage  is  smooth,  and  lined  by  mucous 
membrane.  Its  lower  border  is  almost  horizontal,  and 
is  attached  by  membrane  to  the  first  ring  of  the  trachea. 
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Its  upper  border  slopes  from  beliiiid  downwards  and  for- 
wards, and  possesses  a  pair 
of  articular  facets  pos- 
teriorly for  the  two  ary- 
tenoid cartilages  ;  whilst 
in  front  of  these  facets  it 
gives  attachment  to  the 
crico-thyroid  membrane 
and  lateral  crico-arytenoid 
muscle.  The  cricoid  cartUage 
is  connected  to  the  thyroid 
by  a  pair  of  crico-thyroid 
joints  and  the  crico-thyroid 
membrane.  The  crico- 
thyroid membrane  is  a 
structure  at- 
tached below  to  the  upper 
border  of  the  cricoid  car- 
tilage ;  it  consists  of  a 
mesial  and  of  two  lateral 
portions ;  the  mesial  part  is  attached  above  to  the  lower 
border  of  the  middle  portion  of  the  thyroid  cartilage ; 
whilst  each  lateral  portion  runs  upwards  in  close  relation  to 
the  mucous  lining  of  the  larynx,  and  terminates  in  a  thin 
free  superior  border,  the  inferior  or  true  vocal  cord  ;  as  the 
anterior  end  of  this  cord  is  attached  to  the  middle  of  the  re- 
treating angle  of  the  thyroid  cartilage,  and  the  posterior  end 
to  the  anterior  or  vocal  process  at  the  base  of  the  arytenoid 
cartilage,  it  may  be  more  precisely  called  the  inferior 
crico-thyro-arytenoid  ligament  (fig.  162).  The  a-ico  thyroid 
joint  is  formed  on  each  side  between  the  inferior  cornu  of 


Fig.  162. — View  of  the  interior  of  the 
left  lialf  of  the  Larynx,  after  the  re- 
moval of  the  mucous  membrane.  T,  fl^bro-elastic 
thyroid  cartilage  ;  sc,  its  superior,  and 
ic,  its  inferior  cornu  ;  r,  its  retreating 
angle  ;  A,  ai-ytenoid  cartilage  ;  a,  its 
anterior  or  Yocal  proces.s;  t,  true,  and 
/,  false  vocal  cord;  V,  the  position  of 
the  ventricle;  C.  cricoid  cartilage; 
let,  lateral  crico-thyroid  membrane 
or  crico-thyro-arytenoid  ligament. 
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the  thyroid  and  the  side  of  the  cricoid  cartilage,  between 
which  is  a  diarthodial  joint,  enclosed  by  a  capsular  liga- 
ment, and  lined  by  a  synovial  membrane. 

The  Epiglottis  is  a  leaf-like  plate  of  yellow  fibro- 
cartilage  situated  in  front  of  the  upper  opening  of  the 
larynx.    Its  elongated  stalk  passes  vertically  downwards 
behind  the  body  of  the  hyoid,  and  the  projecting  angle  of 
the  thyroid  cartilage  to  be  attached  to  the  inner  surface  of 
this  angle  by  the  thyro-epiglottic  ligament  (fig.  161).  The 
blade  of  the  leaf  is  ovoid  in  form,  and  projects  upwards 
behind  the  tongue.    Its  surfaces  are  directed  forwards 
and  backwards,  and  are  covered  by  mucous  membrane, 
which  is  prolonged  from  the  anterior  surface  to  the  back 
of  the  tongue  as  the  glosso-epiglottidean  folds  ;  beneath 
tbese  folds  is  an  elastic  membranous  band,  the  glosso- 
epiglottidean  ligament,  whicb  stretches  from  the  root  of  the 
tongue  to  the  anterior  surface  of  tbe  epiglottis  ;  and  on  a 
stiU  deeper  plane  is  the  hyo-epiglottidean  ligament,  an 
elastic  membrane,  which  attaches  th.e  front  of  the  epi- 
glottis to  the  body,  and  great  cornua  of  the  hyoid.  The 
posterior  siirface,  concave  from  side  to  side,  is  free,  and 
possesses  a  prominence  called  the  cushion  (figs.  163,  164). 
The  upper  border  is  free  and  rounded ;  but  from  the 
lateral  borders  the  mucous  membrane  is  prolonged  down- 
wards and  backwards,  as  fiav  as  the  cornicula  laryngis 
and  arytenoid  cartilages,  to  form  a  pair  of  folds,  the 
aryteno-ejyiglottidean  folds  of  mucous  membrane,  which 
form  the  lateral  boundaries  of  the  superior  opening  of 
the  larynx.     The  cartilage  of  the  epiglottis  is  pitted 
by  numerous  depressions,  in  which  mucous  glands  are 
lodged. 
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The  Arytenoid,  or  pyramidal   cartilages,   two  in 
number,  are  placed  on  the  posterior  part  of  the  upper 
border  of  the  cricoid  cartilage.    Each  is  a  three-sided 
pyramid,  about  half  an  inch  in  height,  and  a  quarter  of  an 
inch  in  width.    The  base  articulates  with  the  cricoid,  and 
two  of  its  angles  are  prolonged  into  well-marked  pro- 
cesses: the  external  or  muscular  process  is  directed  back- 
wards and  outwards,  and  gives  attachment  to  the  tendons 
of  insertion  of  the  lateral  and  posterior  crico-arytenoid 
muscles ;  the  anterior  or  vocal  process  is  directed  forwards, 
and  gives  attachment  to  the  true  vocal  cord.    The  apex 
of  the  cartilage  is  directed  upwards,  and  articulates  with 
the  corniculum  laryngis.    The  posterior  surface  is  concave, 
and  gives  attachment  to  the  arytenoid  muscle :  the  inner 
surface  is  smooth,  and  covered  by  the  mucous  membrane  ; 
the  anterior  surface  gives  attachment  to  the  superior  or 
false  vocal  cord,  and  to  the  thyro-arytenoid  muscle.  The 
base  of  the  arytenoid  cartilage  is  connected  to  the  cricoid 
by  a  capsular  ligament,  lined  by  a  synovial  membrane,  and 
a  baud  of  fibres  extending  from  the  back  of  the  arytenoid 
to  the  back  of  the  cricoid  has  been  named  the  posterior 
crico-arytenoid  ligament.    The  false  vocal  cords,  or  superior 
thyro-arytenoid  ligaments,  pass  from  the  anterior  surface 
of  each  arytenoid  cartilage  to  the  retreating  angle  of  the 
thyroid;  and  the  trt^e  vocal  cords,  or  inferior  thyro-ary 
tenoid  ligaments,  pass  from  the  anterior  vocal  process  of  the 
arytenoid  to  the  retreating  angle  of  the  thyroid  cartilage 
(fig.  162). 

The  CoENicuLA  Laryngis,  or  Cartilages  of  Santorini, 
are  two  small  nodules  articulated  to  the  apices  of  the  ary- 
tenoid cartilages,  the  connection  being  effected  by  a  cap- 
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sular  ligamtnt,  lined  by  a  synovial  membrane  (figs.  161, 
163.)    The  cornicula  are  formed  of  yellow  fibro-cartilage. 

The  Cuneiform  cartilages,  or  Cartilages  of  Wrisberg, 
are  two  thin  plates  of  yellow  elastic  cartilage,  placed  one 
ill  each  aryteno-epiglottidean  fold  of  mucous  membrane. 

Interior  of  the  Larynx. 

The  tube  of  the  larynx,  or  the  glottis,  communicates 
above  with'the  pharynx,  and  below  with  the  trachea.  The 
superior  opening  of  the  larynx  is  somewhat  triangular  in 
form,  with  the  base  in  front  and  the  apex  behind.  It  is 
bounded  in  front  by  the  epiglottis ;  on  each  side  by  the 
aryteno-epiglottidean  fold  of  mucous  membrane;  behind 
by  the  cornicula  laryngis,  the  apices  of  the  arytenoid  car- 
tilages, and  the  fold  of  mucous  membrane  passing  between 
them.  The  inferior  opening  is  circular  in  form,  like  the 
tube  of  the  trachea,  with  which  it  is  continuous. 

The  mucous  lining  of  the  larynx  is  elevated  into  folds, 
which  correspond  in  position  to  the  false  and  true  vocal 
cords ;  the  arrangement  of  the  cords  may  be  seen  when 
the  larynx  is  looked  into  through  its  superior  opening,  or 
when  a  mesial  incision  is  made  longitudinally  through  the 
posterior  wall,  and  the  two  sides  of  the  tube  slightly  sepa- 
rated from  each  other  (fig.  163).  Two  pairs  of  vocal  cords 
may  then  be  seen  extending,  one  above  the  other,  at  the 
sides  of  the  mesial  plane,  in  the  antero-posterior  direction 
from  the  thyroid  to  the  arytenoid  cartilages.  The  superior 
pair,  or  the  false  vocal  cords,  consist  of  thin  fibres  attached 
anteriorly  to  the  retreating  angle  of  the  thyroid  cartilage, 
and  posteriorly  to  the  anterior  surface  of  the  arytenoid 
cartUage  :  these  fibres  are  covered  by  a  fold  of  the  mucous 
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membrane,  which,  presents  a  convex  contour  on  the  surface 
next  the  mesial  plane  of  the  larynx,  whilst  the  opposite 
surface  bounds  the  laryngeal  pouch.  The  inferior  pair,  or 
true  vocal  cords,  have  a  sharp  straight  border  superiorly, 


Fig  163  —View  of  the  interior  of  the  Larynx,  obtained  by  malting  a  mesial  ver- 
tical incision  through  the  posterior  wall.  E,  epiglottis  ;  c,  its  cushion ;  ht, 
great  cornu  of  hycid  ;  thm,  thyro-hyoid  membrane ;  thi,  thyro-hyoid  ligament 
TT  alee  of  thjToid  cartilage  ;  sc,  its  superior,  and  ic,  Its  inferior  cornu  ;  AA 
arytenoid  cartilages;  CI  CT,  cornicula  laryngis;  a  e,  ac,  aryteno-epiglottidean 
folds  of  mucous  membrane;  C,  cricoid  cartUage  ;  /,  false  vocal  cord:  V,  ven- 
tricle of  larynx ;  <,  true  vocal  cord ;  a,a,  anterior  or  vocal  processes  of  ary- 
tenoid cartUages  ;  ee,  external  or  muscular  processes. 

whilst  their  inner  surfaces  are  flattened.  They  consist  of 
fibres  extending  from  the  retreating  angle  of  the  thyroid 
to  the  anterior  vocal  process  of  the  arytenoid  cartilage,  and 
each  is  so  blended  with  the  lateral  portion  of  the  crico- 
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thyroid  membrane  as  to  form  its  free  upper  border.  The 
mucous  membrane  which  covers  them  is  thin  and  free 
from  glands.  The  slit  between  the  two  true  vocal  cords 
and  the  inner  surfaces  of  the  two  arytenoid  cartilages,  is  in 
the  mesial  plane,  and  is  named  the  rima  glottidis,  or  cliink 
of  the  larynx.  That  part  of  the  rima  which  lies  between 
the  vocal  cords  has  been  called  the  vocal  glottis,  whilst 
that  situated  between  the  arytenoid  cartilages  is  the  re- 
spiratm-y  glottis  (fig.  166).  The  long  or  antero-posterior 
diameter  of  the  rima  is  nearly  1  inch  in  the  larynx  of 
a  man,  and  about  f -mch  in  that  of  a  woman.  Its  width  or 
transverse  diameter  varies  with  the  position  of  the  vocal 
cords,  and  the  variations  in  its  width  modify  its  shape. 
When  the  cords  are  separated  to  the  greatest  extent,  the 
rima  is  lozenge-shaped  ;  when  they  are  moderately  asunder, 
it  is  an  elongated  triangle,  with  the  base  behind  and  the 
apex  in  front;  when  they  are  brought  in  contact  with 
each  other  the  rima  is  closed. 

Between  the  superior  and  inferior  vocal  cord  on  each  side 
is  an  elongated  deep  depression,  the  sinus,  or  ventricle  of 
the  larynx,  which  is  lined  by  mucous  membrane ;  the  floor 
of  this  ventricle  is  concave  immediately  to  the  outer  side 
of  the  true  vocal  cord.  A  prolongation  of  the  ventricle, 
named  the  pouch  of  Margagni  or  saccule  of  the  larynx, 
passes  upwards,  to  the  outer  side  of  the  superior  vocal  cord, 
as  high  as  the  level  of  the  upper  border  of  the  thyroid 
cartilage ;  the  pouch  is  lined  by  mucous  membrane  con- 
tinuous with  the  mucous  lining  of  the  ventricle  of  the 
larynx,  and  in  its  outer  wall  is  the  thyro-arytenoid  muscle. 

If  a  vertical  transverse  section  be  made  through  the 
larynx  immediately  in  front  of  the  arytenoid  cartilages  the 
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vocal  cords  are  transversely  divided,  and  it  will  be  seen, 

as  was   pointed   out   by  J. 
Wyllie,  that  the  interior  of  the 
larynx  possesses  the  form  of  two 
wedge-shaped  spaces  (fig.  164). 
The  upper  wedge  extends  from 
the  superior  orifice  of  the  larynx 
to  the  ventricles  of  the  larynx : 
the  lower  wedge  from  the  lower 
orifice  of  the  larynx  to  the  true 
vocal    cords.  Experiments 
made  by  Wyllie  have  shown 
that  the  glottis  can  be  closed, 
during  an  inspiratory  effort, 
not  only  by  the  action  of  the 
muscles  which  bring  the  true 
vocal  cords   into  apposition 
with  each  other;  but  by  the 
pressure  of  the  column  of  air, 
in   the  upper  wedge-shaped 
space  of  the  larynx,  on  the 
concave  floor  of  the  ventricles, 
immediately  external  to  the 
true   vocal   cords.  Whilst 
closure  of  the  glottis,  during  an 
expiratory  effort  may  be  occasioned  by  the  pressure  of  the 
column  of  air  in  the  lower  wedge-shaped  space,  inflating 
the  pouches  of  the  larynx,  and  forcing  the  false  vocal  cords 
together.    The  larynx  contains  in  its  interior  therefore  two 
valves,  one  of  which  can  control  the  entrance,  the  other 
the  exit  of  air. 


Fie.  164. — Vertical  transverse  sec- 
tion tlirougli  the  Larynx.  E,  epi- 
glottis ;  c,  its  cushion-like  pro- 
minence ;  T,  left  ala  of  thyroid 
cartilage ;  la,  thyro-arytenoid 
muscle;  C,  cricoid  cartilage;  ct, 
crio-thyi'oid  mnscle;  /,  false  vocal 
cord ;  t,  true  vocal  cord ;  ij,  ven- 
tricle of  lai-ynx ;  p,  points  upwards 
Into  laryngeal  pouch ;  rima  glot- 
tidis ;  let,  lateral  crico-thyroid 
memhrMne  seen  in  section ;  Tr, 
trachea. 
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Muscles  of  the  Larynx. 

The  muscles  of  the  larynx  are  arranged  in  two  groups, 
an  extrinsic  and  an  intrinsic. 

The  extrinsic  muscles  are  divided  into  a  supra-hyoid 
and  an  infra-hyoid  group.  The  supra-hyoid  muscles  are 
the  digastric,  stylo-hyoid,  mylo-hyoid,  and  genio-hyoid. 
The  infra-hyoid  are  the  omo-hyoid,  sterno-hyoid,  sterno- 
thyroid, and  thyro-hyoid.  These  muscles  act  on  the  entire 
larynx  through  their  insertion  into  the  hyoid  bone,  and 
through  the  attachment  of  that  bone  to  the  thyroid  cartilage. 
Their  description  naturally  comes,  therefore,  into  that  of 
the  muscles  acting  on  the  hyoid.  As  the  sterno-thyroid 
and  thyro-hyoid  muscles  have  a  direct  attachment  to  the 
alee  of  the  thyroid  cartilage,  they  vi^ill  be  described  here. 

Sterno-thyroid  arises  from  the  back  of  the  manubrium 
sterni,  and  the  first  costal  cartilage ;  it  ascends  in  front  of 
the  trachea,  and  is  inserted  into  the  oblique  line  on  the 
outer  surface  of  the  thyroid  cartilage. 

Thyro-hyoid  arises  from  the  lower  border  of  the  great 
cornu  and  the  body  of  the  hyoid  bone,  and  is  inserted  into  the 
same  oblique  line  to  which  the  sterno-thyroid  is  attached. 

From  the  attachment  of  these  muscles  to  the  thyroid 
cartilage,  they  can  fix  it,  and  put  it  in  a  better  position  to 
serve  as  a  surface  of  origin  for  those  intrinsic  muscles  of 
the  larynx,  which  arise  from  it. 

The  intrinsic  muscles  of  the  larynx  arise  from  and  are 
inserted  into  the  cartilages  of  the  larynx,  and  by  their 
actioQ  diminish  or  increase  the  tension  of  the  vocal  cords, 
diminish  or  increase  the  size  of  the  rima  glottidis,  or  affect 
the  position  of  the  epiglottis  and  the  size  of  the  superior 
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aperture  of  the  larynx.  These  muscles  should  be  examined 
with  reference  to  their  action  on  the  crico-thyroid  joints, 
the  crico-arytenoid  joints,  and  the  epiglottis. 

The  muscles  which  act  on  the  crico-thyroid  joints  are 
the  pair  of  crico-thyroid  muscles  and  the  pair  of  thyro- 
arytenoid muscles. 

The  Crico-thyroid  muscle  arises 
from  the  side  of  the  cricoid 
cartilage  as  far  forward  as  its 
anterior  middle  line;  its  fasci- 
culi pass  backwards  and  upwards, 
and  are  inserted  into  the  lower 
border  of  the  thyroid  cartilage 
and  the  anterior  border  of  its 
inferior  cornu.  The  two  crico- 
thyroids diverge  from  each  other, 
and  leave  uncovered  the  middle 
division  of  the  crico-thyroid  mem- 
brane. 

The  Thyro-arytenoid  muscle 
arises  from  the  inner  surface  of 
the  thyroid  cartilage  close  to  its 
retreating  angle :  it  passes  al- 
most horizontally  backwards  in 
close  relation  to  the  outer  wall  of 
the  pouch  of  the  larynx  and  to  the 
true  vocal  cord,  and  is  inserted  into 
the  vocal  process  at  the  base  of  the 
arytenoid  cartilage,  into  the  an- 
terior surface  of  the  same  cartilage,  and  by  a  few  fibres 
into  the  true  vocal  cord. 


Vu',.  165. — ^The  muscles  of  tlie 
Lai-ynx  as  seen  after  the 
removal  of  tlie  right  ala  of 
the  thyroid  cartilnge.  a, 
hyoid  bone ;  6, 6,  thyro-hyoid 
membrane;  c,  thyroid  carti- 
luRe ;  d,  middle  crico-thyroid 
membrane;  e,  cricoid  carti- 
lage; /surface  of  articulation 
with  thyroid ;  ^r.epiglottis ;  ft, 
cuneiform  cartilage;  k,  cor- 
niculum  laryngis;  /,  muscu- 
liir  process  of;  ?n,  the  ary- 
tenoid cartilage;  n,  posterior 
and  0,  lateral  crico-  arytenoid 
muscles;  p,  thyro-aiytenoid 
muscle;  q.  olilique  aryteno- 
epiglottiilean  muscle;  i\  thy- 
ro-epiglottidean  muscle. 
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The  crico-thyroid  muscles  increase  the  tension  of  the 
vocal  cords.  As  to  the  mode  in  which  this  tension  is 
occasioned  there  is  a  diflference  of  opinion.  It  is  usu- 
ally believed  that  the  crico-thyroid  muscles  rotate  the 
thyroid  cartilage  about  a  transverse  axis,  passing  horizon- 
tally through  the  two  crico-thyroid  joints,  and  de- 
press the  anterior  border  of  the  thyroid  cartilage  so  as  to 
elongate  the  vocal  cords  in  front.  But  some  anatomists 
hold  that  the  thyroid  cartilage  is  fixed  by  the  action  of 
the  thyro-hyoid  muscles,  that  the  crico-thyroid  muscles 
then  rotate  the  cricoid  cartilage  on  the  thyroid,  by  drawing 
the  front  of  the  cricoid  cartilage  upwards,  which  depresses 
the  back  of  the  cricoid  and  the  arytenoid  cartilages,  and 


pea 

I'iG.  166. — Diagram  of  the  Eima  Glottidis,  to  illustrate  the  action  of  the  muscles  on 
it.  A  transverse  section  hns  been  made  through  the  larynx  on  a  level  with 
the  true  vocal  cord  and  the  hases  of  tlie  arytenoid  cartilages.  TT,  alffi  of 
thyroid  cartilage;  AA,  arytenoid  cariilages;  oa,  their  vocal,  and  ee,  their 
muscular  processes ;  v,  vocal,  and  r  respiratory  part  of  glottis.  In  the  right 
hand  figure  the  rima  is  shown  as  almost  closed  by  the  action  of  Ica  the  pair 
of  lateral  arytenoids  and  ar,  the  arytenoid  muscle,  to,  ta,  the  pair  of  thyi  o-ary- 
tenoid  muscles.  In  the  left  hr.nd  figure  the  rima  is  shown  widely  open  by  the 
action  of  pea,  the  pair  of  posterior  crieo-aiytenoid  muscles;  C,  the  upper  border 
of  the  cricoid  cartilage. 

elongates  the  posterior  ends  of  the  vocal  cords.  The  thyro- 
arytenoid muscles  approximate  the  opposite  ends  of  the 
vucal  cords,  and  thus  relax  them,  by  drawing  the  thyroid 
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cartilage  upwards  and  backwards,  but  owiug  to  the  attach- 
ment of  some  fibres  to  tbe  vocal  cord,  local  tension  may 
be  given  to  certain  parts  of  it.  The  fibres  attached  to 
the  anterior  surface  of  the  arytenoid  cartilage  may  roll 
it  inwards  so  as  to  bring  the  two  cords  together,  and 
narrow  the  rima  glottidis. 

The  width  of  the  rima  glottidis  is  altered  by  the  move- 
ments of  the  arytenoid  cartilages,  which  rotate  about  a 
vertical  axis  passing  through  the  crico-arytenoid  joints. 
The  cartilages  are  rotated  outwards,  the  vocal  processes 
and  vocal  cords  are  separated  from  each  other,  and  the 
rima  glottidis  is  widened  by  the  pair  of 

Posterior  crico-arytenoid  muscles,  which  arise  from  the 
depressed  surfaces  on  the  back  of  the  cricoid  cartilage 
{fig.  161),  and  pass  upwards  and  outwards  to  be  inserted 
into  the  external  or  muscular  process  at  the  base  of  each 
arytenoid  cartilage.* 

The  arytenoid  cartilages  are  rotated  inwards,  the  vocal 
cords  are  approximated,  and  the  vocal  part  of  the  rima 
glottidis  is  narrowed  by  the  pair  of 

Lateral  crico-arytenoid  muscles,  which,  being  under 
cover  of  the  sides  of  the  thyroid  cartilage,  arise  from  the 
upper  border  of  the  side  of  the  cricoid,  pass  backwards 
and  upwards  to  be  inserted  into  the  external  or  muscular 
process  at  the  base  of  each  arytenoid  cartilage. 

The  arytenoid  cartilages  are  drawn  together,  and  the 

width  of  the  respiratory  part  of  the  rima  glottidis  is 

narrowed,  by  the  single 

*  Merkel  described  a  small  Kerato-cricoid  muscle  as  occasionallj'-  ex- 
ten  duig,  but  on  one  side  only,  from  tlie  lower  part  of  the  back  of  tlio  cri- 
coid cartilage  to  the  inferior  comu  of  the  thjToid.  I  found  it  to  be  pre- 
sent 7  times  in  32  subjects,  and  to  be  occasionally  present  on  both  sides. 
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Arytenoid  muscle,  wtich  arises  from  the  posterior  con- 
cave surface  of  one  arytenoid  cartilage,  passes  transversely 
across  the  mesial  plane,  to  be  inserted  into  the  correspond- 
iug  surface  of  the  other  cartilage. 

The  epiglottis  is  drawn  backwards  and  depressed  by  the 
pair  of  oblique  aryteno-epiglottidei,  and  the  thyro-  epiglot- 
tidei  muscles. 

The  Obligate  aryteno-epiglottidei  muscles  consist  of  the 
oblique  fibres  situated  superficial  to  the  arytenoid  muscle. 
They  arise  near  the  external  or 
muscular  tubercle  at  the  base 
of  the  arytenoid,  pass  obliquely 
upwards  across  the  mesial  plane 
to  the  apex  of  the  opposite  ary- 
tenoid cartilage,  and  then  ascend 
in  the  aryteno-epiglottidean  fold 
of  mucous  membrane.  The  ob- 
lique aryteno-epiglottidean  and 
arytenoid  muscles  are  arranged 
around  the  superior  orifice  of  the 
larynx  like  a  sphincter,  and  by 
their  contraction  the  size  of  this 
opeuing  is  diminished. 

Thyro-epiglottidei   consist  of 
fibres  which  arise  from  the  innar 
surface  of  the  thyroid  cartilage  near  the  retreating  angle, 
and  ascend  to  the  side  of  the  epiglottis. 

The  glottis  is  shut,  during  the  act  of  swallowing,  not 
only  by  the  depression  of  the  epiglottis,  as  described  on  p.  89, 
but  by  the  closure  of  the  rima  glottidis,  due  to  the  approxi- 
mation of  the  arytenoid  cartilages  and  the  true  vocal  cords. 

2q 


Fig.  107. — The  posterior  muscles 
of  tlie  Larynx,  a,  hyoid  bone ; 
6,  thyro-hyoid  ligament  ;  c, 
thyroid  cartilage;  d,  cricoid 
cartilage ;  e,  e,  arytenoid  carti- 
lages; /,  epiglottis;  oblique 
aryteno-epiglottidean  muscles; 
h,  posterior  crico-arytenold 
muscle. 
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The  free  edges  of  the  vocal  cords  are  thrown  into  vibra- 
tions in  the  production  of  the  voice.  The  modifications 
which  take  place  in  their  degree  of  tension,  and  in  the 
size  of  the  rima  in  connection  with  the  production  of  the 
notes,  and  the  elevation  or  lowering  of  their  pitch,  are 
questions  which  are  more  appropriately  discussed  in  works 
on  physiology. 

Mucous  Membrane  of  the  Larynx. 

The  larynx  is  lined  by  a  mucous  membrane,  continuous 
above,  through  the  superior  opening,  with  the  mucous 
lining  of  the  pharynx,  and  below,  through  the  inferior 
opening,  with  that  of  the  trachea.  It  is  thin,  especially 
where  it  covers  the  true  vocal  cords,  but  in  the  arytepo- 
epiglottidean  folds  it  is  thicker  and  the  sub-mucous  tissue 
is  looser  :  it  does  not  possess  a  high  degree  of  vascularity. 
Its  surface  is  covered  by  a  ciliated  columnar  epithelium, 
intermingled  with  goblet-shaped  ceUs;  except  near  its 
superior  orifice,  and  over  the  true  vocal  cords,  in  which 
locilities  it  is  squamous.  The  sub-epithelial  connective 
tissue  of  the  mucosa  contains  a  quantity  of  elastic  fibres. 
.Numerous  racemose  glands  are  found  opening  on  the  sur- 
face of  the  laryngeal  mucous  membrane.  They  are  very 
abundant  on  the  back  of  the  epiglottis,  in  which  they  are 
lodged  in  small  pits,  and  in  the  walls  of  the  laryngeal 
pouches.  Collections  of  lymphoid  tissue  are  also  found  in 
the  subepithelial  tissue  of  the  mucosa. 


VESSELS  AND  NERVES  OF  LARYNX. 


603 


Vessels  and  Nerves  of  the  Larynx. 

The  larynx  receives  its  supply  of  blood  from  the  superior 
laryngeal  branches  of  the  superior  thyroid  arteries,  which 
pierce  the  thyro-hyoid  membrane ;  from  the  crico-thyroid 
branches  of  the  same  arteries,  which  form  an  arch  on  the 
crico-thyroid  membrane,  and  from  th.e  inferior  laryngeal 
branches  of  the  inferior  thyroid  arteries,  which  pass  to  the 
lower  and  posterior  part  of  the  larynx.  Veins  correspond 
to  these  different  arteries.  Lymphatics  are  distributed  in 
the  mucous  and  submucous  tissues. 

The  nerves  of  the  larynx  are  the  superior  and  inferior 
laryngeal  branches  of  the  pneumogastric.  The  superior 
laryngeal  nerve  divides  into  an  external  and  an  internal 
branch.  The  external  branch  is  small,  and  descends  to  sup- 
ply the  crico-thyroid  muscle.  The  internal  branch  pierces 
the  thyro-hyoid  membrane,  and  divides  into  two  parts ;  the 
upper  or  epiglottic  branch  supplies  the  mucous  covering 
of  the  epiglottis,  the  aryteno-epiglottidean  and  hyo-glossal 
folds  of  mucous  membrane ;  the  lower  part  supplies  the 
mucous  lining  of  the  middle  and  lower  parts  of  the  larynx, 
and  gives  a  branch  to  the  arytenoid  muscle.  The  inferior 
or  recurrent  laryngeal  nerve  supplies  branches  to  all  the 
intrinsic  muscles  of  the  larynx  except  the  crico-tbyroid. 
It  also  communicates  with  the  superior  laryngeal  nerve, 
and  gives  some  small  twigs  to  the  mucous  membrane. 
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CHAPTEE  IX. 
EESPIRATOEY  SYSTEM. 


The  Respiratory  System  is  composed  of  organs,  wMcli  are> 
engaged  in  the  interchange  of  gases  between  the  blood  and 
the  atmospheric  air.  Through  their  instrumentality,  the 
blood  acquires  oxygen  from  the  air,  imparts  to  it  carbonic 
acid  and  watery  vapour,  and  becomes  changed  from  impure 
venous  into  pure  arterial  blood.  In  man  and  the  higher 
vertebrates  the  interchange  of  gases  is  eflFected  through 
the  medium  of  a  long  branching  tube,  called  the  Windpipe, 
and  of  two  vascular  spongy  organs,  the  Lungs.  But  as 
the  windpipe  has  no  direct  communication  with  the  ex- 
terior of  the  body,  and  opens  superiorly  into  the  pharynx, 
the  atmospheric  air  has  to  pass,  through  either  the  nose  or 
mouth  into  the  pharynx,  before  it  can  enter  the  windpipe. 
The  nose  is  the  proper  passage  for  its  transmission,  and 
constitutes  therefore  a  part  of  the  respiratory  apparatus. 
As  the  nose  is  also  an  organ  of  sense,  its  anatomy  has  been 
described  under  that  head  (p.  322). 

The  process  of  respiration  consists  of  two  acts,  with 
intermediate  pauses— breathing  in  and  breathing  out, 
Breathing  in,  or  Inspiration,  consists  in  drawing  air  into 
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the  lungs,  so  as  to  expand  those  organs.  Breathing  out,  or 
Expiration,  consists  in  the .  expulsion  from  the  lungs  of  a 
portion  of  the  air  which  they  contained.  By  the  regular 
alternation  of  these  two  acts,  during  extra-uterine  life,  the 
air  in  the  lungs  is  constantly  being  renewed,  and  fresh 
portions  of  air  are  brought  into  relation  with  the  stream  of 
blood,  as  it  is  propelled  through  the  capillaries  of  the 
lungs  by  the  action  of  the  right,  or  pulmonic  side,  of  the 
heart.  The  movements  of  respiration  are  in  a  great  mea- 
sure effected  by  the  agency  of  numerous  muscles  acting  on 
the  osseo-cartilaginous  framework  of  the  thorax.  A  general  ^ 
'  description  of  the  action  of  these  muscles  has  been  already  *" 
given  on  p.  78. 

As  the  lungs  occupy  a  large  portion  of  the  cavity  of  the 
chest,  and  have  important  relations  to  its  walls,  it  will  be 
advisable,  before  describing  them,  to  give  an  account  of 
the  construction,  shape,  and  size  of  the  thorax,  and  to 
point  out  the  regions  into  which  it  is  customary  to  divide 
it. 

Thorax. 

The  Cavity  of  the  Thorax  or  Chest  is  intermediate  in 
position,  in  size,  and  in  the  extent  of  mobility  of  its  walls 
to  the  cavities  of  the  cranium  and  abdomen.  It  contains 
not  only  the  two  lungs  and  the  terminal  part  of  the  wind- 
pipe, but  the  heart,  with  the  great  blood-vessels  which 
pass  to  and  from  it,  some  large  nerves,  the  oesophagus,  and 
the  thoracic  duct.  It  is  very  completely  waUed  in  by 
bones,  cartilages,  muscles,  membranes,  and  skin. 

Thirty-seven  bones  enter  into  the  formation  of  the 
osseous  walls  of  the  thorax,  viz.,  12  dorsal  vertebrae, 
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12  pairs  of  ribs,  and  tlie  sternum.  The  dorsal  vertebrse 
are  situated  in  the  middle  of  its  posterior  wall.  Their 
bodies  are  united  together  by  the  intervertebral  discs,  and 
anterior  and  posterior  common  ligaments  ;  their  articular 
processes  by  capsular  ligaments ;  their  laminae  by  the 
ligamenta  subflava ;  and  their  spines  by  the  sapra  and 
inter  spinous  ligaments.  The  sternum  is  situated  in  the 
middle  of  the  anterior  wall  of  the  chest.  It  consists  of  three 
pieces,  which  ultimately  fuse  together  into  a  single  bone. 
The  twelve  ribs  on  each  side  are  articulated  behind  to  the 
dorsal  vertebras.  They  project  at  first  backwards,  down- 
wards, and  outwards  ;  they  then  arch  downwards,  forwards, 
and  inwards,  and  are  continuous  at  their  anterior  ends  with 
the  costal  cartilages.  The  first  costal  cartilage  prolongs 
the  first  rib  downwards  and  inwards  to  the  side  of  the 
manubrium  sterni.  The  second  continues  the  second  rib 
horizontally  inwards  to  the  side  of  the  joint  between  the 
manubrium  and  body  of  the  sternum.  The  cartilages  of 
the  third  rib  to  the  tenth  inclusive  slope  upwards  and 
inwards,  and  become  gradually  more  vertical  in  their 
direction,  as  one  passes  downwards  in  the  series.  The 
cartilaginous  termination  of  the  seven  upper  ribs,  on  each 
side  articulate  with  the  side  of  the  sternum.  The  cartila- 
ginous terminations  of  the  eighth,  ninth,  and  tenth  ribs 
do  not  reach  the  side  of  the  sternum ;  but  as  they  are 
jointed  together,  and  as  the  eighth  cartUage  is  jointed  with 
the  seventh,  the  seventh  to  the  sixth,  and  the  sixth  to  the 
fifth,  they  are  indirectly  connected  to  that  bone,  and  the 
movements  of  the  ribs,  of  which  they  are  the  terminations, 
can  thus  influence  the  movements  of  the  sternum.  The 
cartilaginous  terminations  of  the  eleventh  and  twelfth  ribs 
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come  to  free  ends  in  the  muscles  of  tlie  wall  of  the  abdo- 
men. 

The  ribs  are  all  jointed  behind  by  their  heads  to  the 
bodies  of  the  vertebrae,  and  they  all,  except  the  eleventh  and 
twelfth,  possess  tubercles,  which  are  jointed  to  the  trans- 
verse processes  of  their  corresponding  dorsal  vertebrae.  The 
intervals  between  the  ribs,  or  intercostal  spaces,  are  occu- 
pied by  the  external  and  internal  intercostal  muscles,  and 
by  an  anterior  and  a  posterior  intercostal  fibrous  membrane. 
The  intercostal  spaces  are  eleven  in  number  on  each  side 
of  the  thoracic  wall.  Each  space  is  not  of  equal  width  in 
its  entire  length,  for  the  borders  of  the  ribs  which  bound 
it  are  not  parallel  with  each  other.  They  are  the  widest 
opposite  the  junction  of  the  osseous  and  cartilaginous  part 
of  the  costal  arch,  but  from  this  spot  they  diminish  in 
width  from  before  backwards.  The  width  of  the  upper 
series  of  spaces  is  greater  than  that  of  the  middle  and 
lower.  The  lower  two  intercostal  spaces,  however,  remain 
of  equal  width  throughout. 

The  External  or  Superficial  Intercostal  muscle  forms  a 
layer  extending,  from  the  tubercles  of  the  ribs  posteriorly,  as 
far  as,  or  almost  as  far  as,  the  junction  of  the  osseous  and 
cartilaginous  part  of  the  rib  anteriorly.  Its  fasciculi  are 
short ;  they  arise  from  the  lower  border  of  one  rib,  and 
pass  obliquely  downwards  and  forwards  to  be  inserted 
into  the  upper  border  of  the  rib  situated  immediately 
below. 

The  Internal  or  Deep  Intercostal  muscle  forms  a  layer 
extending  from  the  anterior  ends  of  the  costal  cartilages 
as  far  back  as  the  angles  of  the  ribs.  Its  fasciculi  arise 
from  the  inner  margins  of  the  lower  border  of  the  rib  and 
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costal  cartilage,  and  pass  obliquely  downwards  and  back- 
wards to  be  inserted  into  tlie  upper  border  of  the  rib 
situated  immediately  below. 

The  Anterior  Intercostal  Fibrous  Membrane  stretches 
between  the  lower  border  of  one  costal  cartilage,  and  the 
upper  border  of  the  cartilage  immediately  below  it.  It 
lies  superficial  to  the  intercartUaginous  part  of  the  internal 
intercostal  muscle.  In  the  case  of  the  sternal  ribs,  the 
membrane  reaches  from  the  anterior  border  of  the  external 
intercostal  muscle  to  the  side  of  the  sternum,  whilst  in  the 
case  of  the  a-sternal  ribs,  it  connects  their  cartilages  without 
reaching  the  sternum. 

The  Posterior  Intercostal  Fibrous  Membrane  stretches 
between  the  lower  border  of  the  neck  and  shaft  of  one  rib 
and  the  upper  border  of  the  neck  and  shaft  of  the  rib 
immediately  below.  It  reaches  from  the  posterior  border 
of  the  internal  intercostal  muscle  as  far  as  the  head  of  the 
rib  ;  it  is  in  relation  to  the  inner  surface  of  the  posterior 
fibres  of  the  external  intercostal  muscle,  and  between  the 
two  are  the  intercostal  vessels  and  nerve. 

The  Triangulis  Sterni  muscle  lies  behind  the  costal  car- 
tilages of  the  lower  true  ribs.  It  arises  from  the  side  of 
the  xiphi-sternum  and  the  sternal  ends  of  the  sixth  and 
seventh  costal  cartilages ;  it  passes  obliquely  upwards  and 
outwards  in  separate  digitations  to  be  inserted  into  the 
costal  cartilages,  from  the  second  to  the  fifth  inclusive,  at 
their  junction  with  the  bony  part 'of  the  rib. 

The  Intra-  or  Sub-costal  muscles  are  irregular  in  number 
and  size.  They  are  situated  on  the  inner  surface  of  the 
ribs  in  the  region  of  the  angles,  and  are  chiefly  found 
attached  to  the  lower  ribs.    Their  fibres  run  obliquely 
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downwards  and  backwards,  like  those  of  the  internal 
intercostals,  and  correspond  in  length  to  two  intercostal 
spaces. 

The  thorax  is  usually  compared  in  shape  to  a  trun- 
cated cone,  the  apex  of  which  is  above,  the  base  below. 
It  is  rounded  at  the  sides,  but  flattened  both  in  front  and 
behind.  The  truncated  apex,  or  thoracic  inlet,  is  bounded 
behind  by  the  first  dorsal  vertebra,  laterally  by  the  first 
pair  of  ribs,  and  in  front  by  the  manubrium  or  pre-sternum. 
As  the  vertical  diameter  of  the  sternum  is  less  than  that 
of  the  series  of  dorsal  vertebrae,  the  upper  end  of  the 
sternum  does  not  reach  so  high  as  the  first  dorsal  vertebra, 
and  the  plane  of  the  thoracic  inlet  slopes  obliquely  from 
above  downwards  and  forwards.  In  expiration  the  upper 
border  of  the  manubrium  is  opposite  the  body  of  the 
third  dorsal  vertebra,  or  the  disc  between  it  and  the 
second  dorsal  vertebra ;  in  inspiration  it  is  raised  to  opposite 
the  body  Of  the  second  vertebra.  Through  the  thoracic 
inlet  the  trachea,  oesophagus,  and  some  large  veins, 
and  nerves  descend  into  the  thorax,  and  the  great  arteries 
and  thoracic  duct  ascend  into  the  neck.  Owing  to  the 
obliquity  of  the  plane  of  the  thoracic  inlet,  th^  parts  in 
the  middle  of  the  lower  part  of  the  neck,  though  above  the 
sternum,  lie  anterior  to  the  bodies  of  the  first  and  second 
dorsal  vertebrae. 

The  base  of  the  thorax  is  much  more  capacious  than 
the  apex.  It  slopes  from  the  xiphi-sternum  downwards, 
outwards,  and  backwards  along  the  cartilages  of  the  seventh, 
eighth,  ninth,  and  tenth  ribs,  as  far  as  the  cartilaginous  tip 
of  the  eleventh  rib,  and  then  slopes  upwards,  backwards,  and 
inwards  along  the  twelfth  rib  to  the  twelfth  dorsal  verte- 
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bra.  The  point  of  the  xiphi-sternum  is  opposite  the  body 
of  the  twelfth  dorsal  vertebra  in  expiration,  but  in  in- 
spiration is  raised  to  opposite  the  body  of  the  eleventh 
vertebra. 

The  base  of  the  thorax  is  filled  in  by  the  diaphragm, 
which  forms  the  floor  of  the  thorax  and  the  vaulted  roof 
of  the  abdomen.  At  the  end  of  an  expiration,  the  summit 
of  the  diaphragm  mounts  as  high  as  the  level  of  the  sternal 
end  of  the  fourth  intercostal  space  on  the  right  side,  but 
not  quite  so  high  on  the  left ;  from  this  summit  level  it 
slopes  downwards  and  backwards  to  the  costal  origins  of 
the  muscle.  The  thoracic  surface  of  the  diaphragm  is 
therefore  convex.  The  diaphragm  is  perforated  to  allow 
of  the  passage  of  the  oesophagus,  nervi  vagi,  aorta,  and 
sympathetic  nervous  cords  downwards  into  the  abdomen, 
and  of  the  thoracic  duct,  vena  azygos  and  inferior  vena 
cava  upwards  into  the  thorax. 

The  antero-posterior  diameter  of  the  thorax  is  less  than 
either  the  transverse  or  vertical  diameters.  The  antero- 
posterior diameter  in  the  mesial  plane,  i.e.,  the  sterno- 
vertebral diameter,  though  it  increases  from  above  down- 
wards, is  less  than  it  is  on  one  side  of  the  sternum,  for  the 
projection  forwards  of  the  bodies  of  the  dorsal  vertebrae, 
and  the  backward  slope  of  the  posterior  ends  of  the  ribs, 
cause  a  considerable  hollow  at  the  side  of  the  vertebral 
bodies,  in  which  the  posterior  border  of  the  lung  is  lodged. 
The  transverse  diameter  rapidly  increases  from  the  first  to 
the  6th  or  7th  ribs,  and  then  diminishes  somewhat  down  to  the 
12th  rib.  The  vertical  diameter  is  much  greater,  owing  to 
the  more  backward  slope  of  the  diaphragm  at  the  costo- 
vertebral than  at  the  costo-sternal  wall.   All  the  diameters 
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increase  during  the  inspiratory,  and  diminish  during  the 
expiratory  movements.  The  capacity  of  the  thorax  in 
men  is  greater  than  in  women.  In  women,  during  respir- 
ation, a  greater  range  of  movement  takes  place  in  the 
upper  part  of  the  thoracic  walls  than  in  men,  in  whom 
the  lower  part  of  the  chest  passes  through  a  wide  range  of 
movement.  In  young  children  again  the  diaphragm,  much 
more  than  the  thoracic  walls,  is  concerned  in  inspiration, 
and  the  abdominal  viscera  are  therefore  much  depressed, 
and  the  anterior  abdominal  wall  is  pushed  forwards. 
Modifications  of  the  natural  form  of  the  thorax  may  arise 
from  congenital  malformations  of  its  walls  :  from  external 
pressure  artificially  applied,  as  tight  lacing  :  from  diseases 
of  its  walls,  as  in  curvatures  of  the  spine  :  or  from 
diseases  of  the  viscera  contained  in  its  cavity,  as  from 
pleuritic  effusions,  emphysema,  aneurisms  or  other  tu- 
mours, (fee. 

When  the  bones  of  the  shoulder  girdle,  and  the  great 
muscles  which  pass  from  them  to  the  walls  of  the  chest  are 
in  position,  and  when  these  are  covered  by  the  fascia  and 
skin,  the  external  configuration  of  the  chest  is  very  ma- 
terially modified.  The  outward  projection  of  the  shoulders, 
more  especially  in  men,  causes  the  traiffiverse  diameter  to 
be  greater  at  the  upper  part  of  the  chest  than  lower  down ; 
and  the  pectoral  and  scapular  muscles  add  materially  to 
the  thickness  of  the  anterior  and  posterior  walls  of  the 
chest.  In  order  to  assist  in  localising  precisely  the  position 
of  the  important  organs  within  the  chest,  it  is  customary 
to  map  out  the  surface  of  the  integument  into  certain  areas 
or  regions,  and  to  apply  to  these  regions  descriptive  names. 
Thus,  the  region  corresponding  to  the  sternum  is  the  sternal 
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region,  and  it  is  divided  into  an  upper  sternal  and  a,  'lower 
sternal  by  a  line  drawn  across  the  front  of  the  bone  on  a 
level  with  the  upper  border  of  the  third  pair  of  costal  car- 
tilages. The  fossa  immediately  above  the  manubrium  sterni 
is  the  epi-  or  supra-sternal  fossa.  The  region|corresponding 
to  the  inner  half  of  the  clavicle  is  the  clavicular  region  : 
that  which  lies  immediately  above  it  is  the  supra-clavicular 
region,  and  that  which  extends  downwards  from  the  clavicle 
to  the  lower  border  of  the  third  rib  is  the  infra-clavicular 
region.  The  region  which  extends  from  the  lower  border 
of  the  third  rib  to  the  lower  border  of  the  sixth  rib  is  the 
mammary  region,  and  that  which  extends' downwards  from 
the  lower  border  of  the  sixth  rib  to  the. inferior  limit  of 
the  thoracic  wall  is  the  infra-mammary.  The  clavicular, 
infra-clavicular,  mammary  and  infra-mammary  regions 
are  bounded  internally  by  a  line  corresponding  to  the 
outer  border  of  the  sternum,  and  externally  by  a  line 
drawn  vertically  downwards  from  the  middle  of  the  clavicle 
to  the  inferior  limit  of  the  thoracic  wall.  In  the  mammary 
region  are  situated  the  mammary  gland  and  nipple.  In 
women  the  mamma  occupies  almost  the  whole  of  the 
mammary  region,  and  the  nipple  usually  lies  superficial  to 
the  fifth  rib,  and  about  4^  inches  from  the  middle  line  of  the 
sternum.  In  men  the  mamma  is  a  rudimentary  organ,  and 
the  position  of  the  nipple  is  more  variable.  Luschka  found 
in  60  men  examined,  that  it  was  placed  44  times  between 
the  fourth  and  fifth  ribs,  6  times  on  the  fifth  rib,  8  times 
on  the  fourth  rib,  and  twice  between  the  fifth  and  sixth 
ribs ;  whilst  Gruber  found  it  in  95  males,  43  times  on  the 
fifth  rib,  31  times  on  the  fourth  intercostal  space,  12  times 
on  the  fourth  rib,  and  9  times  on  the  fifth  intercostal 
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space.  It  varies  also  in  position  on  the  two  sides  of  the 
same  chest.  As  a  rule,  it  lies  in  men  about  3f  inches 
from  the  middle  line  of  the  sternum. 

At  the  lateral  wall  of  the  chest  are  the  axillary  and 
infra-axillary  regions.  The  axillary  extends  from  the 
apex  of  the  axilla  to  a  line  corresponding  to  the  lower 
border  of  the  sixth  rib ;  and  the  infra-axillary  from  that 
line  to  the  edge  of  the  false  ribs,  where  they  limit  the 
thoracic  wall  inferiorly. 

Several  regions  are  placed  on  the  posterior  wall  of  the 
chest.  The  scapular  region  corresponds  to  the  scapula, 
and  in  its  vertical  diameter  reaches  from  the  second  to  the 
seventh  or  eighth  rib  :  the  infra- scapular  region  extends 
from  the  inferior  angle  of  the  scapula  to  the  twelfth  rib  : 
the  inter-scapular  region  lies  between  the  vertebral  borders 
of  the  two  scapulse ;  it  varies  in  its  transverse  diameter 
with  the  position  of  the  arms ;  for,  when  they  are  drawn 
forwards,  the  vertebral  borders  of  the  two  scapulae  are 
further  asunder,  than  when  the  arms  hang  pendulous  at 
the  sides,  or  are  pushed  backwards :  the  supra-scapular 
region  extends  from  the  upper  border  of  the  scapula  to  a 
little  above  the  level  of  the  first  rib.  The  size  of  both  the 
supra-scapular  and  infra-scapular  regions  is  modified  with 
the  elevation  or  depression  of  the  shoulders. 

The  portion  of  the  anterior  wall  of  the  chest  which  lies 
superficial  to  the  heart  is  called  the  cardiac  region.  It 
comprises  the  whole  of  the  lower  sternal  region  and  por- 
tions of  the  right  and  left  mammary  regions.  Owing  to  the 
greater  portion  of  the  heart  being  situated  to  the  left  than 
to  the  right  of  the  mesial  plane  of  the  thoracic  cavity,  it 
'projects  more  into  the  left  than  into  the  right  mammary 
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region.  The  right  ventricle  corresponds  to  the  lower  sternal 
region,  but  on  the  one  side  passes  slightly  into  the  right 
mammary  region,  and  on  the  other  more  extensively  into 
the  left  mammary.  The  right  auricle  is  also  in  the  right 
mammary  and  lower  sternal  regions,  but  the  left  auricle 
and  ventricle  correspond  to  the  left  mammary  region. 
The  vertical  diameter  of  the  cardiac  region  is  from  the 
level  of  the  upper  border  of  the  third  pair  of  costal  carti- 
lages to  that  of  the  sixth  pair ;  its  transverse  diameter  is 
from  a  line  somewhat  internal  to  the  left  nipple  to  a  finger's 
breadth  to  the  right  of  the  sternum.  The  relations  of  the 
aortic  and  auriculo-ventricular  openings  to  the  wall  of 
the  chest  has  already  been  given  on  p.  407.  It  may 
further  be  stated,  that  the  relation  of  the  heart  to  the 
walls  of  the  thorax  varies  slightly  with  the  position  of  the 
body,  with  the  quantity  of  blood  in  the  heart,  and  with 
the  stage  of  the  respiratory  process.  In  a  full  inspiration 
the  heart  is  depressed  about  haK  an  inch,  owing  to  the 
descent  of  the  diaphragm. 


The  Windpipe. 

The  Windpipe  is  the  tube  which  transmits  the'  atmo- 
spheric air  from  the  pharynx  into  the  lungs.  It  is  divided 
into  the  larynx,  the  trachea,  and  the  two  bronchi.  As  the 
larynx  has  been  described  in  Chapter  VIII.,  the  trachea 
and  bronchi  now  require  description. 

The  Trachea  is  situated  in  the  middle  of  the  anterior 
part  of  the  neck,  and  in  the  upper  part  of  the  back  of  the 
thoracic  mediastinum.    It  is  continous  above  with  the 
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cricoid  cartilage  of  the  larynx,  and  extends  from  opposite 
the  body  of  the  6th  cervical  vertebra  to  the  level  of  the  body 


Fig.  1G8.— The  Windpipe  and  Lungs.  L,  larynx;  T,  thyroid  cartilage;  C, 
cricoid;  Tr,  trachea;  B,  bifurcation  into  bronchi;  a,  apex,  and  6,  base  of  each 
lung.  The  ramifications  of  the  bronchi  within  the  lungs  are  shown ;  lb,  lb, 
lobular  bronchial  tubes ;  I,  I,  I,  lobules. 


of  the  4th  or  sometimes  the  5th  dorsal  vertebra,  where  it 


616  ANATOMY. 

bifurcates  into  the  two  bronchial  tubes.*  It  is  between  four 
and  five  inches  long,  and  is  nearly  an  inch  in  its  greatest 
width.  Anteriorly  and  laterally  it  is  cylindrical  in  form,  but 
it  is  flattened  on  its  posterior  surface.  It  corresponds  to  the 
supra-  or  epi-  sternal  fossa  in  the  neck,  and  to  the  inter- 
scapular region  on  the  posterior  surface  of  the  chest,  on  a 
level  with  the  upper  4  or  5  dorsal  vertebrae.  In  the  neck 
it  has  anterior  to  it  the  sterno-hyoid  and  sterno-thyroid 
muscles,  cervical  fascia  and  skin;  opposite  its  third  and 
fourth  rings,  it  is  crossed  by  the  isthmus  of  the  thyroid 
body,  and  in  front  of  the  lower  rings  are  the  inferior 
thyroid  veins  :  at  its  sides  are  the  common  carotid  arte- 
ries, lateral  lobes  of  the  thyroid  gland,  and  recurrent 
laryngeal  nerves ;  behind  it  is  the  oesophagus.  In  the 
thorax  it  lies  behind  the  manubrium  sterni,  the  sterno- 
hyoid, and  the  sterno-thyroid  muscles,  the  fatty  remains  of 
the  thymus  gland,  the  left  innominate  vein,  the  transverse 
part  of  the  aortic  arch,  the  origins  of  the  innominate  and 
left  common  carotid  arteries,  and  the  deep  cardiac  plexus 
of  nerves  ;  on  each  side  is  the  pleural  membrane,  but  in 
addition  on  the  right  side  is  the  termination  of  the  inno- 
minate artery,  and  on  the  left  side  are  the  left  common 
carotid  and  subclavian  arteries,  and  the  left  vagus  with 
its  recurrent  branch  :  behind  is  the  oesophagus. 

The  Bronchi  are  two  in  number,  a  right  and  a  left. 

*  Many  descriptive  writers  state  that  the  trachea  extends  from  the 
5th  cervical  to  the  3d  dorsal  vertebra.  The  observations  of  Braune, 
on  sections  through  the  neck  in  frozen  bodies,  show  that  the  cricoid 
qartilage  lies  opposite  the  6th  cervical  vertebra.  The  bifurcation  also 
takes  place  lower  down  than  the  3d  dorsal  vertebra.  But  it  should  be 
remembered  that  the  position  of  thtj  trachea  is  modified  by  changes  in 
the  position  of  the  head.  When  the  head  is  thrown  back  the  trachea 
is.  drawn  up;  when  thp  chip  is  approximated  to  the  sternum  the 
trachea  is  depressed. 
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They  proceed  from  the  bifurcation  of  the  trachea,  and  pass 
obliquely  downwards  and  outwards  to  the  roots  of  their 
respective  lungs.  The  left  bronchus  is  longer  and  more 
oblique  than  the  right,  and  enters  the  back  of  the  root  of 
the  left  lung,  below  the  pulmonary  artery,  but  above  the 
pulmonary  vein.  The  right  bronchus,  though  shorter,  is 
wider  than  the  left,  and  enters  the  back  of  the  root  of  the 
right  lung  above  the  pulmonary  artery.  The  vena  azygos 
arches  forwards  immediately  above  the  right  bronchus  to 
join  the  superior  cava ;  whilst  the  left  bronchus  lies  within 
the  arch  of  the  aorta.  In  the  angle  formed  by  the  bifur- 
cation of  the  bronchi  is  a  cluster  of  lymphatic  glands. 
The  bronchi  correspond  to  the  interscapular  region  on  the 
posterior  surface  of  the  thoracic  wall,  on  a  level  with  the 
fifth,  and  sixth  dorsal  vertebras. 

Structure  of  the  Trachea. 

The  wall  of  the  trachea  .is  formed  of  cartilage,  fibre- 
elastic  membrafue,  muscular  tissue,  a  submucous  coat,  and 
a  mucous  membrane.  The  cartilage  is  arranged  in  the 
form  of  imperfect  rings,  from  sixteen  to  twenty  in  num- 
ber, separated  by  narrow  intervals.  Each  ring  is  about  two- 
thirds  of  a  circle,  and  is  placed  at  the  front  and  sides  of 
the  trachea,  but  is  absent  posteriorly  (fig.  161).  Some- 
times a  cartilage  divides  into  two  branches,  at  other  times 
two  adjacent  cartilages  fuse  together  at  their  posterior  ends. 
The  lowest  tracheal  cartilage  has  a  process  prolonged  back- 
wards, at  the  angle  of  bifurcation  into  the  two  bronchi. 

Tih.e  Jihro-elastic  membrane  connects  together  the  upper 
and  lower  borders  of  adjacent  cartilages,  also  the  upper 
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tracheal  cartilage  with  the  cricoid  cartilage,  and  completes 
the  wall  of  the  trachea  posteriorly  by  passing  between  the 
posterior  ends  of  the  cartilaginous  rings. 

The  muscular  tissue  consists  of  non-striped  fibres,  which 
lie  in  the  posterior  wall  of  the  trachea,  under  cover  of  the 
fibro-elastic  membrane.  They  pass  for  the  most  part 
transversely,  and  not  only  extend  between  the  posterior 
ends  of  the  cartilaginous  rings,  but  lie  also  opposite  the 
intervals  between  them. 

The  submucous  coat  is  distinguished  by  containing, 
especially  in  the  posterior  wall  of  the  trachea,  longitudinal 
bundles  of  elastic  fibres.  In  this  coat  are  situated  numer- 
ous compound  racemose  glands,  the  branches  of  which  on 
section  are  like  cylindrical  tubes  :  they  are  lined  by  a 
columnar  epithelium,  and  the  excretory  duct  opens  on  the 
free  surface  of  the  mucous  membrane. 

The  mucous  membrane  lines  the  inner  surface  of  the 
trachea,  and  is  elevated  on  the  posterior  wall  into  longi- 
tudinal folds,  which  correspond  to  the  bundles  of  elastic 
fibres  in  the  submucous  coat.  The  free  surface  of  the 
mucous  membrane  is  covered  by  a  layer  of  ciliated  colum- 
nar epithelium,  amidst  which  goblet-shaped  cells  are  inter- 
spersed. Between  the  deeper  ends  of  the  ciliated  epi- 
thelium, smaller  spindle-shaped,  or  rounded,  cells  are  found 
in  considerable  numbers.  Deeper  than  the  epithelium  is 
a  muscular  layer,  the  muscularis  mucosae.  Lymphoid 
tissue  is  also  found  diffused  throughout  the  sub-epithelial 
tissue  of  the  mucous  membrane,  and  occupying  the  intervals 
between  the  vesicles  of  adjacent  racemose  glands. 

The  trachea  is  supplied  with  blood  by  branches  from  the 
laryngeal  branches  of  the  inferior  thyroid  arteries.  Lym- 
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phatic  vessels  form  plexuses  in  the  mucous  and  submucous 
coats.  Fine  nerves,  derived  from  the  pneumogastric  and 
sympathetic,  are  distributed  to  it,  in  connection  with 
which  microscopic  ganglia  have  been  seen. 

The  Pleue^. 

Each  lung  is  situated  in,  and  occupies  the  greater  part  of, 
one  lateral  half  of  the  cavity  of  the  thorax.  It  is  in- 
vested by  a  serous  membrane,  the  Pleura;  and  the  wall  of 
the  chest,bounding  the  space  in  which  the  lung  is  contained, 
is  lined  by  a  prolongation  of  the  same  serous  membrane. 
Like  the  serous  membranes  elsewhere,  the  pleura  consists, 
therefore,  of  a  visceral  part  investing  the  organ,  and  a 
parietal  ijari  lining  the  wall  of  the  cavity  in  which  the 
organ  is  lodged.  The  pleural  investment  of  the  lung  is 
called  the  pulmonic  pleura.  The  pleural  lining  of  the  cavity 
has  different  names  applied  to  different  portions  of  its  ex- 
tent. That  which  lines  the  inner  surface  of  the  ribs,  costal 
cartilages,  and  intercostal  muscles,  is  the  costal  pleura; 
that  which  covers  the  upper  surface  of  the  diaphragm  is 
the  diaphragmatic  pleura :  that  which  is  prolonged  for 
one  inch,  or  rather  more,  above  the  level  of  the  first  rib 
into  the  root  of  the  neck,  is  the  cervical  pleura  ;  that  which 
covers  the  lateral  surface  of  the  pericardium,  and  forms  the 
lateral  boundary  of  the  mediastinum,  is  the  mediastinal 
pleura  ;  whilst  a  fold  of  the  pleura,  prolonged  downwards 
from  the  root  of  the  lung  to  the  diaphragm,  forms  the 
broad  ligament  of  the  lung,  ligamentum  latum  pulmonis. 
These  several  terms  simply  express  topographical  divisions 
of  one  and  the  same  membrane  :  thus  the  pleura  costalis 


620 


AiJATOMY. 


is  coatiuuous  above  with  the  cervical  pleura,  and  below 
with  the  diaphragmatic  pleura.  "Where  the  costal  cartilages 
articulate  with  the  sternum,  the  costal  pleura  comes  in 
contact  with  the  back  of  that  bone,  and  is  then  reflected 
backwards,  as  the  mediastinal  pleura,  on  the  outside  of 
the  pericardium,  from  which  it  is  prolonged  in  front  of  the 
root  of  the  lung  to  become  continuous  with  the  pulmonic 
pleura.  Where  the  ribs  articulate  behind  with  the  spine, 
the  pleura  is  prolonged  on  the  sides  of  the  vertebral  bodies, 
from  which  the  right  pleura  is  reflected  forward  on  the 
back  of  the  root  of  the  lung,  to  become  continuous  with 
the  pulmonic  pleura,  bat  the  left  pleura;  before  it  reaches 
the  back  of  the  root  of  its  lung,  is  prolonged  over  the  left 
aspect  of  the  descending  thoracic  aorta. 

The  cervical  prolongation  of  the  pleura  forms  the 
dome-shaped  summit  of  the  parietal  pleura.  It  corre- 
sponds to  the  apex  of  the  lung,  and  is  in  relation  by  its 
outer  surface  to  the  scalenus  anticus  muscle  and  the  sub- 
clavian artery. 

The  parietal  part  of  the  right  pleura  is  more  extensive 
than  that  of  the  left,  for  not  only  does  it  pass  behind  the 
sternum  up  to  the  mesial  line  of  that  bone,  or  sometimes 
even  to  the  left  of  that  line  ;  but  owing  to  the  greater 
projection  of  the  heart  to  the  left  than  to  the  right  of 
the  mesial  thoracic  plane,  it  covers  a  larger  proportion  of 
the  upper  surface  of  the  diaphragm.  The  costo-parietal  part 
of  the  left  pleura,  again,  whilst  it  reaches  the  left  border 
of  the  upper  part  of  the  sternum,  does  not  pass  so  far  for- 
.  ward  as  the  lower  part  of  the  body  of  that  bone.  The 
costal  pleura  do  not  reach  quite  so  far  down  as  the  costal 
.ori-ins.of  the  diaphragm,  so  that  these  origins,  as  well  as 
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the  surface  of  the  diaphragm,  to  which  the  pericardium 
is  attached,  are  not  covered  by  the  pleural  membranes. 

The  two  pleural  membranes  are  perfectly  independent  of 
each  other,  and  although  they  both  extend  towards  the 
mesial  plane  of  the  thorax,  they  do  not  come  in  contact 
with  each  other,  except  in  some  cases,  where  they  touch 
immediately  behind  the  body  of  the  sternum.  The  in- 
terval between  the  two  pleural  membranes  occupies  the 
mesial  plane,  or  sterno-vertebral  diameter  of  the  thoracic 
cavity,  and  is  named  the  mediastinum,  mediastinal  space, 
or  interpleural  space.  The  mediastinum  is  bounded  late- 
rally, therefore,  by  the  two  pleurse ;  it  is  not  an  empty 
space,  but  is  occupied  by  the  heart  and  pericardium,  and 
by  certain  structures  situated  both  in  front  of  and  behind 
the  pericardium.  The  heart  and  pericardium  fill  up  the 
greater  portion  of  the  interpleural  space,  and  the  region 
they  occupy  is  called  the  middle  mediastinum.  Owing  to 
the  projection  of  the  heart  to  the  left,  the  middle  mediasti- 
num extends  more  to  the  left  than  to  the  right  of  the  mesial 
plane.  As  the  phrenic  nerves  lie  between  the  sides  of 
the  pericardium  and  the  mediastinal  pleura,  they  are  also 
placed  in  the  middle  mediastinum.  The  narrow  interval 
between  the  front  of  the  pericardium  and  the  back  of  the 
sternum  is  the  anterior  mediastimim,  which  inclines  from 
above  downwards  to  the  left  of  the  mesial  plane.  It  con- 
tains the  left  triangularis  sterni  muscle,  the  origins  of  the 
sterno-hyoid  and  sterno-thyroid  muscles,  in  the  infant  and 
child  the  thymus  gland,  and  in  the  adult  the  lobes  of  fat 
into  which  the  gland  has  degenerated  ;  also  some  loose 
areolar  tissue.  The  wider  interval  between  the  back  of 
the  pericardium  and  the  front  of  the  bodies  of  the  vertebrae 
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F:g.  169  — View  of  the  Steino-vertebral  region  of  the  chest,  or  the  Mediastinum 
Thoracis.  S,  sternum ;  D,  diaphragm ;  CIII  to  VII,  cervical  vertebriE ;  DI  to  X, 
dorsal  vertebrae ;  am,  anterior  mediastinum ;  pm,  posterior  mediastinum ;  sm, 
superior  mediastinum.  The  middle  mediastinum  is  occupied  by  the  pericar- 
dium, pr,  and  by  the  heart,  of  which  the  following  parts  are  shown ;  ra,  right 
auricle;  ru,  right  ventricle ;  ia,  left  amicle ;  jc,  superior  vena  cava;  ic,  inferior 
vena  cava;  o,  ascending  aorta;  ai,  innominate  artery;  ^)a,  right  branch  of 
pulmonary  artery.  In  the  posterior  mediastinum  are  shown  da,  descend- 
ing thoracic  aorta;  va,  venaazygos;  td,  thoracic  duct;  os,  assophagus.  tr, 
trachea;  vi,  left  innominate  vein;  st,  sterno-hyoid  and  sterno-thyoid  muscles. 
p,  pharynx;  «,  thyroid  cartUage;  c,  cricoid;  e,' epiglottis ;  7j,  hyoid  bone;  i, 
isthmus  of  thyroid  body ;  I,  liver. 
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is  the  posterior  mediastinum.  It  contains  the  descending 
thoracic  aorta,  the  oesophagus,  and  nervi  vagi,  the  vena 
azygos,  thoracic  duct  with  lymphatic  glands,  and  the 
splanchnic  nerves.  As  the  pericardium  does  not  extend 
so  higli  as  the  level  of  the  top  of  the  sternum,  the  inter- 
pleural space  between  the  manubrium  sterni  and  the  higher 
dorsal  vertebrae  lies  above  the  pericardium,  and  J.  Struthers 
has  suggested  that  the  name  superior  mediastinum  should 
be  given  to  it.  It  contains  the  two  innominate  veins,  the 
innominate,  left  common  carotid,  and  left  subclavian 
arteries,  the  upper  thoracic  portion  of  the  phrenic,  pneumo- 
gastric  and  cardiac  nerves,  a  part  of  the  left  recurrent 
laryngeal  nerve,  the  trachea,  and  the  upper  thoracic  part 
of  the  oesophagus  and  thoracic  duct. 

The  pleura,  like  other  serous  membranes,  possesses  two 
surfaces,  an  attached  surface  and  a  free  surface.  By  its 
attached  surface  the  pleura  is  connected  by  areolar  tissue  to 
the  ribs,  intercostal  muscles,  diaphragm,  pericardium,  and 
lung.  The  free  surface  of  the  parietal  pleura  is  smooth, 
and  in  apposition  with  the  corresponding  free  surface  of 
the  pulmonic  pleura.  These  two  free  surfaces  glide  on 
each  other  as  the  lungs  and  thoracic  walls  rise  and  fall 
during  inspiration  and  expiration ;  and,  as  the  surfaces  are 
lubricated  by  a  little  serous  fluid,  the  movement  is  faci- 
litated. This  fluid  occupies  a  scarcely  appreciable  interval 
between  the  free  surfaces  of  the  parietal  and  visceral 
pleurae,  which  interval  forms  the  so-called  pleural  cavity. 
The  pleural  cavity  becomes  distinct  when  any  cause 
operates  to  push  the  lung  from  the  wall  of  the  chest;  such 
as  the  introduction  of  air  into  the  pleural  cavity,  either 
through  an  external  wound,  or  from  rupture  of  the  lung ; 
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or  the  effusion  of  fluid  into  the  cavity,  in  the  course  of 
inflammation  of  the  pleura ;  either  of  these  causes  would 
push  the  lung  backwards  towards  the  spine,  and  occasion  a 
great  interval  between  the  pulmonic  and  parietal  parts  of 
the  pleura.  But  even  in  the  healthy  chest  a  modification 
in  the  relations  of  the  pulmonic  to  the  parietal  pleura  takes 
place  in  some  localities.  For  as,  during  expiration,  the 
lung  does  not  pass  either  so  far  forwards  or  downwards,  as 
during  inspiration,  the  lung  leaves  the  parietal  pleura 
along  its  line  of  reflection  from  the  ribs  to  the  diaphragm, 
and  from  the  sternum  to  the  side  of  the  pericardium,  so 
that  at  the  end  of  an  expiration  the  smooth  surface  of  the 
diaphragmatic  and  the  mediastinal  pleura  is  in  apposi- 
tion along  these  lines  with  the  smooth  surface  of  the  costal 
pleura. 

The  pleura  is  supplied  with  blood  by  the  intercostal, 
internal  mammary,  and  bronchial  arteries,  which  ramify  in 
the  sub-endothelial  layer  of  connective  tissue.  Lymphatic 
vessels  form  fine  networks  in  the  same  layer,  and  commu- 
nicate through  microscopic  stomata  with  the  pleural  cavity. 
Nerves  pass  to  the  pleura  both  from  the  phrenic  nerve  and 
from  the  thoracic  ganglia  of  the  sympathetic  cord. 

It  is  not  uncommon  to  find  along  the  line  of  reflection 
of  the  pleura  from  the  ribs  to  the  diaphragm,  and  from 
the  diaphragm  to  the  side  of  the  pericardium,  folds  of  the 
pleural  membrane  containing  lobules  of  fat ;  and  on  the 
costal  wall  of  the  chest  large  lobules  of  fat  are  often 
developed  beneath  the  parietal  pleura.  These  folds  have 
been  called  pleural  vdli,  and  they  resemble  the  appendices 
epiploicse,  to  be  afterwards  described,  in  the  abdominal 
cavity. 
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THE  LUXGS. 


The  Lungs  are  two  in  number  and  are  situated  one  in 
eacli  cavity  of  the  thorax.    Each  lung  is  usually  described 


Fig.  170. — The  Thoracic  Viscera.  In  tliis  diagram  the  lungs  are  turned  to  the 
side,  and  the  pericardium  removed  to  display  the  heart,  a,  ui'per,  a',  lower 
lobe  of  lelt  lung;  6,  upper,  b',  middle,  6",  lower  lobe  of  right  lung;  c,  trachea; 
rf,  arch  of  aorta ;  e,  superior  vena  cava ;  /,  pulmonary  artery ;  g,  left,  and  h,  right 
auricle;  i,  right,  and  I,  left  ventricle;  ??!,  inferior  vena  cava;  n,  descending 
aorta;  1,  innominate  artery;  2,  right,  and  4,  left  carotid  artery;  3,  right, 
and  5,  left  subclavian  arteiy;  6,  6,  right  and  left  innominate  vein ;  7  and 
9,  left  and  right  intemal  jugular  veins;  8  and  10,  left  and  right  suhclaWan 
veins;  11,  12.  13,  left  pulmonary  artery,  bronchus,  and  vein;  14, 15,  16,  right 
bronchus,  pnlmoEary  artery,  and  vein;  17  and  18,  left  and  right  coronary 
arteries. 

as  having  a  conical  form;  it  possesses  a  base,  an  apex, 
an  outer  surface,  an  inner  surface,  an  anterior  border,  a 
posterior  border,  and  an  inferior  border. 

The  ba.te  of  the  lung  is  concave,  rests  on  the  convex 
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upper  surface  of  the  diaphragm,  aud  reaches  much  lower 
down  behind  than  in  front :  the  apex  is  rounded,  and 
reaches  into  the  root  of  the  neck  from  one  inch  to  one  and 
a  lialf  inch  above  the  first  rib.  The  external  or  costal  sur- 
face is  much  the  larger  of  the  two  surfaces  ;  it  is  convex, 
and  adapted  to  the  curvature  of  the  ribs  :  the  internal  or 
mediastinal  surface  is  concave,  and  adapted  to  the  convex 
lateral  surface  of  the  pericardium ;  about  the  middle  of 
this  surface,  but  much  nearer  to  the  posterior  than  to  the 
anterior  border,  is  situated  the  root  of  the  lung.  The 
anterior  or  sternal  border  is  thin,  and  fits  in  between  the 
back  of  the  sternum  and  the  front  of  the  pericardium  :  the 
posterior  or  vertebral  border  is  thick  and  rounded,  and 
occupies  the  deep  hollow  at  the  side  of  the  vertebral 
bodies;  this  border  possesses  a  longer  vertical  diameter 
than  any  other  part  of  the  lung.  The  inferior  or  dia- 
pJiraffmatic  border  forms  the  boundary  between  the  base 
and  the  external  and  internal  surfaces  of  the  lung  :  in  the 
greater  part  of  its  extent  it  fits  between  the  ribs  and  the 
costal  origins  of  the  diaphragm.  On  all  its  aspects  the 
exterior  of  the  lung  is  in  close  relation  to  the  parietal  pleura, 
which  relation  it  always  preserves  in  the  healthy  chest, 
as  it  rises  in  inspiration,  or  falls  in  expiration.  The  con- 
tact of  the  lung  with  the  parietal  pleura  is  ensured  by  the 
pressure  of  the  column  of  air  in  the  windpipe  and  air-cells. 

Each  lung  is  divided  into  two  lobes  by  a  deep  fissure, 
which,  beginning  at  the  posterior  border  about  three  inches 
below  the  apex,  and  on  a  level  with  the  vertebral  end  of 
the  third  rib,  extends  through  its  substance,  obliquely 
downwards  and  forwards,  as  far  as  the  anterior  border,  or 
t'le  anterior  end  of  the  inferior  border.    The  upper  lobe  is 
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Smaller  than  the  lower  lobe,  and,  from  tlie  direction  of  tlie 
oblique  fissure,  lies  both  above  and  in  front  of  it. 
The  apex  and  the  whole,  or  the  greater  part,  of  the 
anterior  border  belong  to  the  upper  lobe :  the  greater  part 
of  the  posterior  border  and  of  the  base  to  the  lower 
lobe.  In  the  right  lung  a  second  fissure,  which  does  not 
exist  in  the  left  lung,  is  also  present.  It  commences  at 
the  oblique  fissure,  runs  almost  horizontally  forwards  to 
the  anterior  border  of  the  lung,  and  separates  the  lower 
part  of  the  upper  lobe  as  a  distinct  lobe,  called  the  third  or 
middle  lobe  of  the  right  lung.  The  right  lung  is  still 
further  distinguished  from  the  left  by  being  more  hol- 
lowed out  at  its  base,  owing  to  the  arch  formed  by  the 
right  half  of  the  diaphragm  being  higher  than  that  of  the 
left,  so  that  the  vertical  diameter  of  the  right  is  not  so 
long  as  that  of  the  left  lung.  But  the  transverse  diameter 
of  the  right  lung  is  more  than  that  of  the  left,  for  the 
greater  projection  of  the  heart  and  pericardium,  to  the 
left  than  to  the  right  of  the  mesial  plane,  causes  the  medi- 
astinal surface  of  the  left  lung  to  be  more  concave  than 
the  corresponding  surface  of  the  right  lung.  The  anterior 
border  of  the  right  lung  is  much  more  nearly  straight  than 
that  of  the  left,  in  which  this  border  presents  a  semilunar 
notch  below  the  level  of  the  fourth  rib,  which  corresponds 
to  the  position  of  the  heart. 

.;  The  lungs  have  extensive  relations  to  the  walls  of  the 
chest,  and  even  to  structures  at  the  root  of  the  neck.  The 
apex  of  each  lung  lies  in  the  supra-clavicular  and  supra- 
scapular regions,  and  is  marked  by  a  slight  groove  cor- 
responding to  the  position  of  the  subclavian  artery,  from 
."which  it  is  separated  by  the  cervical  prolongation  of  the 
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pleura.    The  bulk  of  tte  upper  lobe  is  placed  in  the  clavi- 
cular, infra-clavicular,  mammary,  axillary,  and  scapular 
regions.    The  middle  lobe  of  the  right  lung  is  in  the  right 
mammary  region.    The  lower  lobe  of  each  lung  is  in  the 
infra-mamm-xry,  infra-axillary,  scapular,  and  infra-scapular 
regions.    The  anterior  border  of  each  lung  overlaps  the 
front  of  the  pericardium,  and  extends  into  both  the  upper 
and  lower  sternal  regions,  but  the  anterior  border  of  the 
left  lung  does  not  pass  so  far  into  the  lower  sternal 
region  as  the  corresponding  border  of  the  right  lung.  The 
posterior  borders  of  the  two  lungs  lie  in  the  interscapular 
region,     During  inspiration  the  anterior  border  passes 
further  forwards  into  the  upper  and  lower  sternal  regions 
than  during  expiration,  and  the  base  of  each  lung,  with 
the  descent  of  the  diaphragm,  extends  further  down  into 
the    infra-mammary,   infra-axillary,   and  infra-scapular 
regions.    As  the  base  of  the  lungs  rests  on  the  diaphragm 
they  are  necessarily  brought  into  relation,  through  that 
muscle,  with  viscera  situated  in  the  costal  zone  of  the 
abdomen ;  thus  the  right  lung  is  in  relation  to  the  liver, 
and  the  left  lung  to  the  liver,  stomach,  and  spleen. 

The  Root  of  the  lung  is  composed  of  the  important 
structures,  which  pass  into,  or  emerge  from,  the  interior  of 
the  lung.  It  consists  of  the  large  air  tube,  or  bronchus,  of 
the  pulmonary  artery,  and  the  pulmonary  veins,  the 
bronchial  artery  and  bronchial  vein,  the  pulmonary  nerves, 
the  pulmonary  lymphatic  vessels,  and  the  bronchial  lym- 
phatic glands.  The  bronchus  is  placed  at  the  back  of  the 
root  of  each  lung ;  in  the  root  of  the  right  lung  it  is  the 
highest  object,  but  in  the  root  of  the  left  lung  it  lies  below 
the  pulmonary  artery.    It  is  accompanied  by  the  bronchial 
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artery  and  vein,  by  nerves  and  lymphatics.  The  pulmonary 
veins  are  anterior  and  inferior  to  the  pulmonary  artery  in  the 


Fig.  171.-  The  Lungs  and  their  relations  to  the  diaphragm,  lit  er,  and  stomach, 
li,  to  X,  second  to  tenth  ribs;  DD,  diaphragm;  Rl ,  right,  and  LL,  left 
lung,;  P,  pericardium ;  S,S,  stomach ;  F  is  placed  superficial  to  its  fundus ;  P, 
its  pylorus;  C  is  over  the  cardiac  orifice;  L,L,  the  liver ;  G,  gaU  bladder;  AC, 
ascending,  TC,  transverse,  and  DC,  descending  colon ;  U,  umbilicus ;  M,  right 
nipple.  Modified  from  Lusclilsa. 


root  of  each  lung.  The  posterior  pulmonary  nervous  plexus 
lies  at  the  back  of  the  root,  and  the  anterior  pulmonary 
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nervous  plexus  is  at  the  frout  of  the  root  of  the  lung. 
Some  areolar  tissue  connects  these  various  objects  together, 
and  the  whole  are  surrounded  by  the  pleural  membrane,  as 
it  passes  from  the  region  of  the  mediastinum  to  become 
continuous  with  the  pulmonic  pleura. 

The  vena  azygos  arches  above  the  root  of  the  right  lung : 
the  aorta  above  that  of  the  left.  The  phrenic  nerve  passes 
in  front  of  the  root  of  each  lung,  but  the  root  of  the  right 
lung  has  also  the  superior  vena  cava  in  front  of  it.  The 
nervus  vagus  descends  behind  the  root  of  each  lung,  but 
the  root  of  the  left  lung  has  also  the  descending  thoracic 
aorta  behind  it. 

The  lungs  are  light,  spongy  organs,  and  contain,  after 
the  child  has  begun  to  breathe,  a  quantity  of  air,  so  that 
they  float  on  water.  When  roughly  handled  they  crepitate, 
or  emit  a  crackling  sound,  owing  to  the  air  being  squeezed 
out  of  the  air  vesicles  by  the  pressure  of  the  fingers.  Before 
the  birth  of  the  child  they  are  dense  and  compact,  and  sink 
in  water.  They  are  highly  vascular,  and  in  the  child 
possess  a  pink  colour.  In  the  adult  they  are  bluish-grey, 
or  slate-coloured,  or  even  mottled  with  black  spots,  owing 
to  the  formation  or  deposition  of  colouring  matter  in  their 
substance.  Their  size  varies  not  only  with  the  period  of 
life,  but  with  the  degree  of  inflation  with  air.  Their 
weight  after  death  also  varies,  in  relation  to  the  amount 
of  blood  or  mucus  they  may  contain.  The  average  weight 
of  both  lungs  is  about  40  oz.,  and  the  right  lung  is  some- 
what heavier  than  the  left. 
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Struchire  of  the  Lungs  and  Bronchi. 

The  Lung  is  composed  of  the  ramifications  of  the 
bronchial  tube,  of  its  terminal  apparatus  the  air-cells  or 
pulmonary  vesicles  :  of  the  branches  of  the  pulmonary 
artery,  the  pulmonary  capillaries,  and  pulmonary  veins  :  of 
the  ramifications  of  the  bronchial  artery  and  vein  :  of 
nerves  and  lymphatics.  These  several  structures  are  bound 
together  by  connective  tissue,  and  the  entire  organ  is 
invested  by  the  pulmonic  pleura. 

The  pulmonic  pleura  forms  the  external  or  serous  coat 
of  the  lung.  It  closely  envelopes  the  lobes  of  the  lung, 
and  gives  to  them  a  smooth,  glistening  surface.  The  free 
surface  of  the  pulmonic  pleura  is  covered  by  a  single  layer 
of  endothelial  cells.  Klein  has  pointed  out  that  whilst 
the  endothelium  covering  the  costal  pleura  consists  of 
polygonal  scales,  like  those  of  serous  membranes  generally, 
the  cells  of  the  pulmonic  pleura  are  flattened  only  during 
inspiration  :  during  expiration,  again,  they  are  polyhedral, 
or  even  columnar,  their  contents  are  distinctly  granular, 
and  the  nucleus  is  more  spherical  in  shape.  The  sub- 
endothelial  tissue  of  the  pulmonic  pleura  consists  of 
bundles  of  white  fibrous  connective  tissue  intermingled 
with  elastic  fibres,  Klein  has  shown  that  in  some  animals, 
more  especially  the  guinea  pig,  bundles  of  non-striped 
muscular  fibres  form  a  network  immediately  beneath  the 
sub- endothelial  connective  tissue. 

Lohules  of  the  Lung. — The  pulmonic  pleura  is  so  trans- 
lucent that  the  surface  of  the  lung  may  be  seen  through  it 
to  be  mapped  out  into  multitudes  of  small  polygonal  areas, 
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tlie  lobules  of  the  Iwiff.  These  lobules  are  cot  limited  to 
the  surface,  but  are  found  in  great  numbers  throughout 
its  entire  substance,  where  they  are  so  closely  packed 
together  that  their  boundaries  are  indistinct.  The  lung 
may  therefore  be  regarded  as  built  up  of  many  thousands 
of  lobules.  In  the  human 
fcBtus,  but  more  readily  in 
foetal  sheep  and  calves,  the 
lobules  may  be  teased 
asunder  without  much 
difficulty,  by  tearing 
through  the  intermediate 

pnnnpofivp     fivscno         Tn   J^'^-  172.— Portion  of  the  Lung  of  a  foeta 

cuuneotive    ussue.      in  f„  g,^^^^  ^i^g  diyjsion  imo  LobiUes. 

fliQ  o^nlf   Imv.^  <-Tir„T  At  the  I'lglit  boi'cler  of  the  fifTUve  tile  indi- 

tue  aauit  lUng  cney  are  yi^^^i  lobules  have  been  separated  from 
™„_„    »i„  „i„        -J.  J    i        each  other.    Natural  size. 

more  closely  united  to- 
gether, but  their  boundaries  are  often  rendered  distinct  by 
the  formation  of  pigment  in  the  intermediate  connective 
tissue.  The  lobules  are  about  the  size  of  peasj  they  are 
irregularly  pear-shaped,  the  broader  end  being  directed 
towards  the  surface  of  the  lung,  whilst  the  narrow  end 
receives  a  terminal  branch  from  the  bronchial  tube. 

The  connective  tissue  of  the  lung  not  only  separates  the 
lobules  from  each  other,  but  forms  a  layer  beneath  the 
pulmonic  pleura,  which  is  on  the  one  hand  continuous  with 
the  interlobular  connective  tissue,  and  on  the  other  with 
the  sub-endothelial  connective  tissue  of  the  pleura.  Con- 
nective tissue  also  surrounds  the  bronchus  and  blood- 
vessels at  the  root  of  the  lung,  and  is  prolonged  along  with 
the  vessels  and  bronchus,  as  their  tunica  adventitia,  into 
the  substance  of  the  organ,  M'here'it  becomes  continuous 
with  the  interlobular  connective  tissue.    The  interlobular 
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aud  sub-pleural  connective  tissue  is  the  seat  in  the  adult 
lung  of  the  colouring  matter,  which  gives  the  lung  its  dark 
colour.  As  a  lobule  of  the  lung  is  a  miniature  lung,  it 
consists  of  the  structures  which  characterise  the  luno- 
itself. 

The  bronchial  tube,  before  it  enters  the  lung,  resembles 
in  form  and  structure  the  trachea.  After  it  has  passed  in 
at  the  root,  it  immediately  begins  to  divide  into  smaller 
bronchi.  The  process  of  division  and  sub-division  goes  on, 
usually  in  a  dichotomous  manner,  as  the  bronchi  extend 
into  the  lung  substance,  until  at  last  minute  bronchi  are 
produced,  which  pass  to  the  lobules  of  the  lung,  and 
are  called  lobular  bronchial  tubes  (fig.  173).  A  lobular 
bronchial  tube  divides  within  the  lobule  into  two  or  more 
terminal  branches,  which  end  by  dilating  into  a  number  of 
minute  chambers,  called  the  pulmonary  vesicles,  air-vesicles, 
alveoli,  or  air-cells. 

The  larger  bronchial  tubes  within  the  lung  correspond 
generally  in  their  structure  to  the  trachea,  though  with 
some  modifications. in  the  arrangement  of  the  constituent 
tissues.  The  cartilage  is  not  in  the  form  of  rings,  but  of 
irregularly-shaped  plates  arranged  at  intervals  around  the 
sides  of  the  tube,  which  is  cylindrical  in  form,  and  not,  like 
the  trachea,  flattened  posteriorly.  These  plates  diminish  in 
size  and  frequency  in  the  smaller  bronchi,  and  finally 
disappear  when  the  bronchi  attain  a  diameter  of  not  more 
than  about  ^th  of  an  inch.  The  cartilaginous  framework 
in  both  the  bronchi  and  trachea  keeps  the  air-tube  open, 
and  allows  the  free  ingress  and  egress  of  air.  The  fibro- 
elasiic  membrane  connects  the  cartilaginous  plates  together ; 
it  diminishes  in  strength  and  thickness  as  it  extends  into 
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the  smaller  bronchi.  The  musmlar  tissue  forms  a  defiuite 
layer  of  circular  fibres  around  the  entire  bronchus  not  only 


Fig.  173.— The  Windpipe  and  Lungs.  L,  larynx;  T,  tliyr.iid  curtilage ;  C, 
cricoid;  Tr,  traclieu;  D,  bifurcation  into  bronchi;  ff,  apex,  and  6,  bll^e  of  euch 
lung.  The  runiificiitions  of  the  bronchi  within  the  lungs  are  shown ;  lb  to, 
lobular  bronchial  tubes ;  1,1,  t,  lobules. 


where  there  are  cartilaginous  plates,  but  in  the  intervals  be- 
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tween  them :  the  muscular  layer  is  between  the  cartilaginous 
plates  and  the  mucous  membrane :  it  disappears  in  the 
lobular  bronchi,  where  they  form  the  lobular  passages.  The 
circular  arrangement  of  the  muscular  tissue  around  the  wall 
of  the  bronchi  enables  it  to  constrict  these  tubes,  and  modify 
the  ingress  of  air  into,  and  its  egress  from  the  air-vesicles. 
The  submucous  coat  contains  longitudinal  bundles  of  elastic 
tissue  continuous  with  those  in  the  trachea  ;  they  diminish 
in  size  and  distinctness  in  the  smaller  bronchi ;  but  elastic 
tissue  can  be  traced  in  the  walls  not  only  of  the  terminal 
branches  of  the  lobular  bronchial  tubes,  but  in  the  walls  of 
the  air-vesicles.  The  presence  of  longitudinal  bundles  of 
elastic  tissue  in  the  walls  of  the  bronchi  and  trachea  enables 
these  tubes  to  be  elongated,  and  to  recoil  to  their  former 
dimensions  when  the  tension  is  removed.  Eacemose  glands 
lie  outside  the  muscular  layer,  between  it  and  the  bronchial 
cartilage :  slender  ducts  proceed  from  them,  which  pierce- 
the  muscular  layer,  and  open  on  the  free  surface  of  the 
mucous  membrane.  Collections  of  lymphoid  tissue  are 
situated  in  the  connective  tissue  immediately  external  to 
the  muscular  layer.  The  mucous  membrane  lines  the 
interior  of  the  bronchi.  It  is  covered  on  its  free  surface 
with  a  layer  of  ciliated  columnar  epithelium,  amidst  which 
goblet-shaped  cells  are  scattered  :  the  ciliated  epithelium 
disappears  in  the  lobular  bronchi,  when  they  begin  to  form 
the  air-vesicles,  and  is  replaced  by  a  tesselated  epithelium. 

The  terminal  branches  of  a  lobular  bronchial  tube  lose 
the  cylindrical  form  of  the  bronchus,  and  dilate  both  late- 
raUy  and  terminally  into  the  alveoli,  or  air-vesicles.  The 
collection  of  air-vesicles  surrounding  any  given  terminal 
bronchus  is  called  a  primary  lobule,  or  an  infundilmlum 
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from  its  funnel-shaped  form,  whilst  the  lumen  of  the  ter- 
minal bronchus  is  named  the  lobular,  or  alveolar  passage 
The  relation  of  the  air  cells  to  the  lobular  passage  is  not 


Fig.  174.  Semi-diagramatic  longitudinal  section  through  an  Infundibulum.  6, 

terminal  bronchial  tube;  lobular  passage  ;  vv,  air-\ esicles ;  in  «' the  nu- 
cleated elastic  membranous  wall  of  a  vesicle  is  shown  ;  a,  pulmonary  artery ; 
c,  c,  pulmonary  capillaries;  e',  ciliated  epithelium;  e,  e,  tesselated  epithelium 
lining  air-cells. 

unlike  that  of  a  number  of  small  chambers  opening  into  a 
common  corridor.  The  air-vesicles  have  an  average  dia- 
meter of  about  xDijth  of  an  inch,  though  they  not  unfre- 
quently  are  larger  in  size,  and  are  always  bigger  at  the  end 
than  at  the  commencement  of  an  inspiration.  The  air- 
vesicles  in  the  same  infundibulum  are  separated  from  each 
other  by  septa,  or  partitions,  so  that  they  do  not  com- 
municate directly  with  each  other,  but  only  through  the 
common  corridor,  or  lobular  passage  :  it  should  be  stated, 
however,  that  these  partitions  sometimes  break  down,  and 
permit  contiguous  air-vesicles  to  communicate.  The  air- 
cells  in  adjacent  infundibula  do  not  communicate  at  all, 
but  are  separated  by  a  thin  layer  of  intermediate  connective 
tissue,  and  by  the  pulmonary  capillaries. 

The  structure  of  the  wall  of  the  air-vesicles  and  lobular 
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passages  is  much  more  simple  than  that  of  the  bronchi. 
It  consists  of  a  very  thin  and  delicate  fibro-elastic  mem- 
brane, covered  on  its  free  surface  by  a  single  layer  of  pave- 
ment epithelium.  The  epithelial  cells  are  polygonal  scales, 
in  contact  by  their  margins,  so  that  they  form  a  continuous 
layer,  which  lines  not  only  the  bottom  of  the  air-vesicles, 
but  covers  the  intermediate  septa.    The  nuclei  of  these 


Fin.  175. — A,  the  pulmonic  Capillaries  in  the  walls  of  the  air-vessels;  B,  tlie  tesse- 
lated  epitlielium  e,  lining  the  air  ve^icles  of  the  cat's  lung;  at  ct.  the  elastic 
fibres  in  the  wall  are  shown  ;  c,  a  capillary  witli  its  blood  coiiiuscles,  tlie  size 
of  which  may  be  compared  with  that  of  the  epithelium  cells.    X  450. 

cells  are  rounded  and  granular,  so  that  they  are  much  more 
easily  recognised  than  the  surrounding  very  translucent 
protoplasm  of  the  cell  substance.  This  pavement  epi- 
thelium is  in  the  same  morphological  plane  as  the  ciliated 
epithelium  of  the  bronchi.  The  fibro-elastic  membranous 
wall  consists  of  a  very  delicate  connective  tissue  in  which 
a  few  corpuscles  are  imbedded.  Its  elastic  fibres  are  dis- 
tinct, and  though  few  in  number  at  the  bottom  of  an  air- 
vesicle,  are  more  numerous  in  the  intermediate  septa,  and 
form  apparently  a  ring-like  arrangement  around  the  mouth 
of  the  air-vesicle  where  it  communicates  with  the  lobular 
passage.    This  elastic  tissue  permits  the  air-vesicles  to 
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expaad  during  inspiration,  and  to  recoil  during  expiration ; 
but  breathing  having  once  begun,  the  air-vesicles  are  never 
empty  of  air.  F.  E.  Schulze  states  that  the  septa  between 
those  vesicles,  which  are  next  the  bronchial  tube,  contain 
non-striped  muscular  tissue,  which  is  absent,  however,  in 
the  proper  walls  of  the  alveoli. 

The  pulmonary  artery  enters  the  lung  at  its  root,  and 


Fio.  176— The  outer  surface  of  two  of  tlie  Infundibula  in  a  lobule  of  the  lung.  B, 
lobular  bronchus ;  ao,  air  vesicles  ;  A,  pulmonary  artery;  c,  pulmonary  capil- 
laries: V,  pulmonary  vein. 

divides  and  subdivides,  without  anastomoses,  even  more 
frequently  than  the  bronchus,  which  it  closely  accom- 
panies. Its  finer  branches  pass  to  the  lobules,  along 
with  the  lobular  bronchi,  and  within  the  lobules  end  in 
the  pulmonary   capillary  plexus.     This   plexus  is  dis- 
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tributed  in  the  fibro-elastic  membranous  wall  of  the  air- 
vesicles,  passes  into  the  intermediate  septa,  and  forms 
a  ring-like  arrangement  around  the  mouths  of  the  air- 
cells.  Its  constituent  capillaries  are  very  fine,  and  form 
an  extremely  close  polygonal  meshwork,  so  that  the 
lung  is  one  of  the  most  vascular  of  all  the  organs.  The 
capillaries  lie  immediately  beneath  the  lining  epithelium 
of  the  air-vesicles,  and  are  separated  by  it  alone  from  the 
air  in  the  air-cells,  the  anatomical  arrangement  being  such 
as  to  facilitate  the  interchange  of  gases  between  the  air 
and  the  blood  ;  by  which  the  impure  venous  blood  of  the 
pulmonary  artery  is  converted  into  pure  arterial  blood,  in 
which  state  it  flows  into  the  pulmonary  veins  back  to  the 
left  side  of  the  heart. 

The  pulmonary  veins  arise  in  great  part  by  small  rootlets 
from  the  pulmonary  capillary  plexus.  The  rootlets  from  adja- 
cent pulmonary  infundibula,  and  lobules  unite  to  form  larger 
veins,  which  accompany  the  pulmonary  artery  and  leave 
the  lung  at  the  root  as  two  large  venous  trunks.  To  some 
extent  also  the  rootlets  of  the  pulmonary  veins  arise  from 
a  capillary  plexus  in  the  walls  of  the  finer  bronchi  derived 
from  the  bronchial  artery.  The  most  superficial  twigs  of 
the  pulmonary  veins,  which  arise  from  the  capillary 
plexus  on  the  air-vesicles  near  the  surface  of  the  lung, 
ramify  for  some  distance  in  the  sub-serous  connective  tissue, 
when  they  either  join  the  pulmonary  vein  at  the  root  of  the 
lung,  or  sink  into  its  substance  to  open  into  some  of  the 
more  deeply  placed  pulmonary  veins. 

The  bronchial  or  nutrient  artery  of  the  lung  arises  either 
from  the  thoracic  aorta,  or  from  an  intercostal  artery,  and 
enters  the  lung  along  with  the  bronchial  tube.    It  is  in 
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part  distributed  to  the  lympliatic  glands,  connective  tissue, 
and  the  walls  of  the  great  vessels  at  the  root  of  the  lung : 
in  part  it  accompanies  the  bronchial  tube,  and  breaks  up 
into  small  arteries,  which  end  in  a  capillary  plexus  for  the 
supply  of  the  bronchial  mucous  membrane  and  the  race- 
mose glands  connected  with  it;  in  part  it  is  distributed  to 
the  interlobular  and  sub-serous  connective  tissue.  The 
capillaries  which  supply  the  finer  bronchi  communicate 
with  the  pulmonary  capillary  plexus,  and  with  some  root- 
lets of  the  pulmonary  vein,  so  that  this  plexus  and  the 
pulmonary  veins  can  be  injected  from  the  bronchial 
artery. 

Some  years  ago  I  miecteA  a  supplemmtar^/ set  ohiutrient 
arteries  for  the  lungs,  consisting  of  fine  branches  of  the 
internal  mammary  and  intercostal  arteries,  which  formed  an 
extra-pleural  plexus  under  the  mediastinal  pleura,  and  then 
passed  to  the  lung,  both  in  front  of  and  behind  the  root, 
as  well  as  between  the  folds  of  the  ligamentum  latum  pul- 
monis. Having  reached  the  lung,  some  of  these  branches 
entered  its  substance  along  with  the  bronchial  tube, 
whilst  others  ramified  in  the  sub-serous  connective  tissue. 
The  extra-pleural  plexus  keeps  up  an  anastomosis  between 
the  arteries  of  the  lung  and  those  of  the  thoracic  wall. 

The  bronchial  vein  is  situated  at  the  root  of  the  lung, 
and  receives  venules  corresponding  to  branches  of  the 
bronchial  artery  distributed  to  both  the  superficial  and 
deep  parts  of  the  lung.  It  does  not,  however,  convey  all 
the  blood  which  the  bronchial  artery  has  carried  into  the 
lung,  as  that  artery  also  communicates  through  its  capil- 
laries with  the  pulmonary  veins.  The  lym2Jhatics  of  the 
lung  are  arranged  in  a  superficial  and  deep  set.  The 


642 


ANATOMY. 


superficial,  or  suh-pleural  lymphatics,  form  a  network  be- 
neath the  pleural  membrane,  and  communicate,  as  Klein  has 
shown,  with  the  pleural  cavity  through  microscopic  stomata 
between  the  endothelial  cells.  The  deep  lymphatics  arise, 
according  to  Klein,  in  two  localities.  First,  from  the  walls 
of  the  air-cells  by  means  of  irregular  lacunte  and  anasto- 
mosing canals,  which  give  origin  to  lymphatic  vessels,  that 
accompany  the  pulmonary  artery  and  vein,  and  have  been 
called  perivascular  lymphatics.  Second,  from  the  walls  of 
the  bronchi  by  irregular  lacunae  and  anastomosing  canals, 
situated  both  in  the  mucosa  and  tunica  adventitia  of  the 
air-tube  :  they  give  origin  to  lymphatic  vessels,  and  form 
a  network  in  the  adventitia  of  the  bronchi,  which  Klein 
has  named  the  2^eribronchial  lymphatics.  The  superficial 
and  deep  lymphatics  enter  the  bronchial  glands  at  the  root 
of  the  lung. 

The  nerves  of  the  lung  are  derived  from  the  pneumo- 
gastric  and  sympathetic  branches,  from  which  form  at 
the  root  of  the  lung  the  anterior  and  posterior  pulmonic 
plexuses,  from  which  fine  nerves  pass  into  the  substance  of 
the  organ  with  the  bronchus,  and  branch  and  are  distributed 
along  with  it.  Remak  and  Julius  Arnold  have  both  de- 
scribed minute  ganglia  on  the  course  of  these  nerves ;  and 
W.  Stirling  has  recently  shown  that  microscopic  ganglia 
are  situated  on  the  finer  branches  of  the  nerves  which  lie 
in  the  walls  of  the  bronchial  tubes. 


CHAPTER  X. 


ORGANS  OF  DIGESTION. 


The  Organs  of  Digestion,  Digestive  Apparatus  or  Chylo- 
poietic  Viscera,  are  situated  in  the  axial  part  of  the  body. 
They  are  for  the  purpose  of  receiving  the  food,  or  aliment, 
of  converting  that  portion  of  the  food,  which  is  digestible, 
into  chyle,  so  that  it  may  be  absorbed  and  applied  to  the 
nourishment  of  the  body ;  and  of  transmitting  that  which 
is  indigestible  onwards  to  be  excreted.  The  digestive 
organs  consist  of  an  elongated  tube,  the  Alimentary  Canal ; 
of  numerous  Glands,  which  pour  their  secretions  into  the 
alimentary  canal ;  and  of  a  hard  masticatory  apparatus, 
the  Teeth. 

Alimentary  Canal. 

The  Alimentary  Canal  is  a  tube  about  28  feet  long, 
which  traverses  almost  the  entire  length  of  the  axial  part 
of  the  body.  In  man,  and  all  other  vertebrates,  it  lies  in 
relation  to  the  ventral  surface  of  the  bodies  of  the  verte- 
brge.  It  commences  on  the  face  at  the  orifice  of  the 
mouth,  and  terminates  on  the  surface  of  the  lower  part  of 
the  trunk  at  the  orifice  of  the  anus.    It  is  divided  into 
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Fig.  177.— Diagram  of 
the  several  Divisions 
of  the  Alimentary 
Canal.  M,  mouth ; 
Ph.  pharynx ;  ffi,  oeso- 
phagus; S,  stomach  ; 
D,  duodenum  ;  J,  jo- 
junmn ;  I,  ileum ;  AV, 
appendix  vermlfoiTnis  ; 
AC,  ascending  colon ; 
HF,  hepatic  flexure; 
TC,  transverse  colon ; 
SF,  splenic  flexure  ; 
DC,  descending  colon ; 
Sg,  sigmoid  flexure; 
R,  rectum  ;  L,  larynx  ; 
e.  Eustachian  tuhe ; 
G,  gall  hladder;  H. 
hepatic  duct;  DC, 
con  mon  hile  duct ;  P, 
pancreatic  duct. 
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a  series  of  segments,  or  compartments,  wMck  communi- 
cate with  each  other,  from  above  downwards,  in  the  longi- 
tudinal axis  of  the  canal.  These  compartments  are 
named  mouth,  pharynx,  oesophagus,  stomach,  small  intes- 
tine (subdivided  into  duodenum,  jejunum,  and  Ueum), 
and  large  intestine  (subdivided  into  ccecum,  colon,  and 
rectum).  The  canal  is  lined  by  a  mucous  membrane, 
called  the  alimentary  mucous  membrane,  which  is  continu- 
ous with  the  nasal  mucous  membrane,  with  the  respiratory 
mucous  membrane,  and  at  the  anal  and  oral  orifices  with 
the  integument.  Outside  this  mucous  membrane  is  the 
submucous  coat,  and  external  to  it  is  the  muscular  wall  of 
the  canaL  By  the  contraction  of  the  muscular  wall  the 
food  is  propelled  along  the  canal  from  above  downwards. 
Opening  on  the  surface  of  the  mucous  membrane  are  the 
orifices  of  the  ducts  of  numerous  glands,  the  secretions  of 
which  mingling  with  the  food,  act  chemically  on  it,  so  as 
to  render  it  soluble  and  capable  of  being  absorbed. 
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THE  MOUTH. 

The  Mouth,  Oral  cavity,  or  Buccal  cavity,  is  the  dilatecl 
commencement  of  the  alimentary  canal,  in  which  the  food 
is  masticated  and  mingled  with  the  secretion  of  the 
salivary  and  mucous  glands.  It  is  situated  in  the  face, 
and  extends  from  the  lips  in  front,  to  the  pharynx  behind. 
It  is  bounded  above  by  the  hard  and  soft  palate,  with  the 
uvula ;  below  by  the  lower  jaw,  the  mucous  membrane  of 
the  floor  of  the  mouth,  and  the  tongue ;  on  each  side  by 
the  cheek :  and  in  front  by  the  lips,  between  which  is 
the  aperture  of  communication  with  the  surface  of  the 
face.  Behind  it  freely  communicates  with  the  pharynx 
through  the  isthmus  faucium,  posterior  buccal,  or  pharyngo- 
oral  orifice. 

The  muscles  which  enter  into  the  formation  of  the 
walls  of  the  mouth  are  situated  in  the  lips,  clieeks,  floor 
of  the  mouth,  tongue,  and  soft  palate. 

The  muscles  of  the  Lips  are  as  follows  : — 
Orbicularis,  or  SpUncter  oris,  surrounds  the  orifice  of 
the  mouth,  and  forms  a  large  part  of  the  muscular  sub- 
stance of  the  lips.  The  fasciculi  form  a  series  of  ellipses, 
of  which  those  next  the  margins  of  the  lips  are  finer  and 
paler  than  those  that  lie  further  from  the  margins.  The 
fasciculi  in  the  upper  lip  are  prolonged  into  those  in  the 
lower  round  the  corners  of  the  mouth.  The  outer  border 
of  the  muscle  blends  with  the  other  muscles  of  the  lips  : 
in  the  upper  lip  this  border  is  attached  by  a  slip  to  the 
septal  cartilage  of  the  nose,  and  by  two  other  slips  to  the 
incisive  fossa3  in  the  upper  jaw  ;  in  the  lower  lip  it  is 
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attached  by  two  slips  to  the  lower  jaw  opposite  the  canine 
teeth.  The  sphincter  oris  approximates  the  lips  and  closes 
the  mouth. 

Levator  communis  arises  from  the  upper  part  of  the 
nasal  process  of  the  superior  maxilla ;  it  descends  by  the 
side  of  the  nose  and  divides  into  two  slips,  the  one  of 
which  ends  in  the  ala  of  the  nose,  the  other  blends  in  the 
upper  lip  with  the  orbicularis  oris.  From  its  double 
insertion  and  action  this  muscle  is  often  called  levator 
labii  superioris  alceque  nasi. 

Levator  labii  superioris  j^oprius  arises  from  the  supe- 
rior maxillary  and  malar  bones,  where  they  form  the 
lower  border  of  the  orbit ;  it  descends  into  the  upper  lip 
to  blend  with  its  muscular  fibres. 

Levator  ang%di  oris  arises  from  the  canine  fossa  of  the 
superior  maxilla :  it  passes  downwards  and  outwards  to 
the  angle  of  the  mouth  to  blend  with  the  other  muscles 
situated  there. 

Zygomaticus  minor,  a  slender  muscle,  arises  from  the 
anterior  end  of  the  zygomatic  arch :  it  passes  down- 
wards and  forwards,  and  usually  joins  the  levator  labii 
superioris. 

Zygomaticus  major  arises  from  the  zygomatic  arch 
behind  the  minor  :  it  passes  downwards  and  forwards  to 
the  angle  of  the  mouth. 

Risorius  muscle  of  Santorini  consists  of  scattered  fasci- 
culi, which  arise  from  the  fascia  covering  the  masseter 
muscle  :  it  passes  transversely  inwards  to  the  angle  of  the 
mouth,  and  is  often  described  as  a  part  of  the  platysma. 

Depressor  labii  inferioris  arises  from  the  front  of  the 
inferior  maxilla  between  the  svmphysis  and  mental  fora- 
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men,  ascends  to  the  lower  lip,  and  blends  with  the  orbi- 
cularis oris.  From  its  four-sided  form  it  is  sometimes 
called  the  quadratus  menti  muscle. 

Depressor  anguli  oris  has  a  broad  origin  from  the 
external  oblique  line  of  the  lower  jaw ;  it  ascends  to  the 
angle  of  the  mouth,  where  it  blends  by  a  narrow  insertion 
with  the  other  muscles  which  pass  there.  From  its  form 
it  is  sometimes  called  triangularis  oi-is. 

Levator  menti.  or  levator  lahii  inferioris,  arises  from 
the  incisor  fossa  of  the  lower  jaw  :  its  fibres  radiate  down- 
wards and  forwards  to  end  in  the  skin  of  the  chin. 

The  muscle  of  the  Cheek  is  the  Buccinator,  a  flat  four- 
sided  muscle,  which  arises  by  its  upper  and  lower  borders 
from  the  outer  surface  of  the  upper  and  lower  jaws,  a 
.short  distance  from  the  alveolar  edge,  and  by  its  posterior 
border,  from  the  pterygo-maxillary  ligament.  From  these 
lines  of  origin  the  fibres  pass  forwards  to  the  anterior 
border  which  blends  at  the  angle  of  the  mouth  with  the 
other  muscles  in  that  region  :  to  some  extent  the  fibres 
of  the  upper  part  of  the  muscle  go  into  the  lower  lip, 
those  of  the  lower  part  into  the  upper  lip.  The  pterygo- 
maxillary  ligament  is  a  slender  fibrous  band  which 
stretches  from  the  internal  pterygoid  plate  of  the  sphenoid 
to  the  back  of  the  mylo-hyoid  ridge  of  the  lower  jaw  :  as 
the  buccinator  arises  from  it  in  front  and  the  superior 
constrictor  of  the  pharynx  behind,  it  forms  the  bond  of 
union  between  the  muscles  of  the  pharynx  and  cheek,  and 
ensures  the  continuity  of  the  walls  of  these  divisions  of 
the  alimentary  canal. 

The  muscles  of  the  Floor  of  the  Mouth  are  the  pair  of 
Mylo-hyoid  muscles,  which   are   situated  immediately 
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l)eaeath  the  mucous  membrane.  Each  arises  from  the 
mylo-hyoid  ridge  of  the  lower  jaw  :  the  fibres  pass  down- 
wards and  inwards  to  be  for  the  most  part  inserted,  along 
with  the  opposite  muscle,  into  a  tendinous  median  raphe 
which  extends  from  the  symphysis  menti  to  the  body  of 
the  hyoid  bone ;  the  most  posterior  fibres  are,  however, 
inserted  directly  into  the  body  of  the  hyoid.  The  name 
of  dia'pliragma  <yris  has  been  applied  to  the  muscular 
floor  formed  by  the  two  mylo-hyoid  muscles. 

The  muscles  of  the  Tongue  have  been  described,  as  a 
part  of  that  organ,  on  p.  376  :  those  of  the  Soft  Palate 
will  be  described  on  p.  666.  The  action  of  the  muscles  of 
the  mouth  has  been  described  on  p.  84  e.s. 

The  mouth  is  lined  by  a  red-coloured  mucous  membrane, 
which  becomes  continuous  at  the  posterior  buccal  orifice 
with  that  of  the  pharynx,  and  at  the  margins  of  the  lips 
with  the  skin  of  the  face.  The  mucous  membrane  cover- 
ing the  alveolar  portions  of  the  jaws,  and  surrounding  the 
necks  of  the  teeth,  is  called  the  gum.  From  the  outer  sur- 
face of  each  jaw  it  is  reflected  to  the  inner  surface  of  the 
cheeks  and  lips.  A  narrow  band  passing  from  the  symphysis 
of  the  lower  jaw  to  the  lower  lip  is  the  frcenum  labii  in- 
ferioris,  and  a  similar  band  from  the  upper  jaw  to  the 
upper  lip  is  the /rce?mm  lahii  stiperioris.  From  the  inner 
surface  of  the  lower  jaw  the  mucous  membrane  is  reflected 
to  the  floor  of  the  mouth,  and  abroad  band,  caHed  frcenum 
lingua;,  is  prolonged  to  the  middle  line  of  the  under  sur- 
face of  the  tongue.  From  the  back  of  the  dorsum  of  the 
tongue  three  slender  folds  of  the  mucous  membrane,  the 
frcena  ejngloUidis,  are  prolonged  to  the  front  of  the  epi- 
glottis.   From  the  soft  palate  on  each  side  two  folds  of 
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mucous  membrane  proceed ;  the  one  extends  downwards 
and  forwards  as  tlie  anterior  pillar  of  the  fauces  to  the  side 
of  the  tongue,  and  encloses  the  palato-glossus  muscle;  the 
other  runs  downwards  and  backwards,  as  t]iQ  posterior  pillar 
of  the  fauces,  to  the  wall  of  the  pharynx,  and  encloses  the 
palato-pharyngeus  muscle.  In  the  interval  between  thesie 
pillars  is  the  tonsil. 

In  its  structure  the  mucous  lining  of  the  mouth  consists 
of  a  stratified  pavement  epithelium,  and  a  sub-epithelial 
fibro-vascular  corium,  possessing  numerous  vascular  papillae. 
The  superficial  strata  of  the  epithelium  covering  the  mucous 
surface  of  the  cheeks  and  lips  are  formed  of  squamous 
cells,  whilst  those  which  lie  next  the  corium  are  elongated 
in  a  direction  perpendicular  to  its  surface.  Some  of  the 
squamous  cells  have  fluted  surfaces;  others  prickle-like 
edges,  by  the  junction  of  which  adjacent  cells  anastomose 
together.  From  the  surface  of  the  corium  numerous  coni- 
cal vascular  papillae  project  into  the  epithelial  layer.  At 
the  margin  of  the  lip  the  mucous  membrane  becomes  con- 
tinuous with  the  integument,  and  the  transition  from  the 
tegumentary  to  the  mucous  surface  is  marked  by  the  dis- 
appearance of  the  hair  follicles  and  sebaceous  glands,  by 
the  greater  translucency  of  the  epithelial  covering  and  by 
the  greater  vascularity  of  the  corium.  Klein  has  described 
bundles  of  fibres  of  the  sphincter  orbicularis  oris  muscle 
passing  into  the  corium  of  the  mucous  lining  of  the  lip,  as 
far  as  the  base  of  the  papillae,  and  in  close  proximity  to 
the  epithelium. 

The  mucous  membrane  of  the  gum  is  characterised  by 
its  density  and  toughness,  due  to  the  numerous  strongly 
developed  bundles  of  connective  tissue  in  the  corium, 
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many  of  wliicli  are  continued  into  the  fibrous  tissue  of  tlie 
periosteum,  which  covers  the  alveolar  surface  of  the  jaw. 
The  free  surface  of  the  corium  of  the  gum  possesses  nume- 
rous broad  papillae,  and  is  covered  by  a  stratified  pave- 
ment epithelium  similar  to  that  in  the  lips  and  cheeks. 
The  mucous  membrane  of  the  hard  palate  is  also  tense  and 
touo-h,  thou2;h  not  so  much  so  as  the  gum;  and  the  fibrous 
fasciculi  of  its  corium  blend  with  the  connective  tissue  of 
the  subjacent  periosteum.  The  mucous  lining  of  the 
mouth  is  a  sensitive  membrane,  and  receives  its  nervous 
supply  from  the  fifth  cranial  nerve.  The  superior  maxillary 
division  of  that  nerve  gives  branches  to  the  hard  and  soft 
palate,  upper  gum,  and  mucous  lining  of  the  upper  lip : 
the  inferior  maxillary  division  to  the  raucous  lining  of 
the  cheek  and  lower  lip,  lower  gum,  and  floor  of  the  mouth. 
Krause  has  described  end  bulbs,  in  connection  with  the 
terminal  branches  of  the  nerves,  in  the  mucous  membrane 
of  the  lips,  floor  of  the  mouth,  and  soft  palate. 

The  mucous  membrane  of  the  mouth  is  specially  modi- 
fied in  some  localities  by  the  development  of  collections  of 
Lymphoid  Tissue  in  the  sub-epithelial  connective  tissue. 
This  is  particularly  the  case  in  connection  with  the  mucous 
membrane  of  the  dorsum  of  the  tongue  in  the  interval 
between  the  circumvallate  papillae  and  the  epiglottis;  and 
in  the  substance  of  the  tonsil. 

The  Tonsils  are  two  almond-shaped  bodies,  situated, 
one  on  each  side  of  the  posterior  orifice  of  the  mouth,  in 
the  fossa  between  the  anterior  and  posterior  pillars  of  the 
soft  palate.  One  surface  of  each  tonsil  is  free,  and  covered 
by  the  epithelium  of  the  mucous  membrane ;  the  other  is 
attached  to  the  inner  surface  of  the  superior  constrictor 
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muscle  of  the  pharynx.  They  lie  in  a  plane  a  little  above 
the  angles  of  the  lower  jaw.  Their  normal  size  is  not 
bigger  than  a  hazel  nut,  but  they  are  very  apt  to  enlarge, 
grow  inwards  across  the  posterior  aperture  of  the  mouth, 
and  diminish  the  size  of  that  opening.    The  free  surface 

is  marked  by  several  round- 
ed holes,  which  lead  into 
shallow  pits  or  crypts, 
which  may  be  either  simple 
or  branched,  in  the  sub- 
stance of  the  tonsil.  The 
pits  are  lined  by  the  epi- 
thelial covering  of  the 
mucous  membrane,  into 
which  minute  papillas  pro- 
ject. In  the  sub-epithelial 
connective  tissue  of  the 
walls  of  the  crypts  nume- 
rous follicles  of  lymphoid  tissue  are  situated,  and  lymph 
cells  are  infiltrated  in  great  numbers  in  the  connective 
tissue  between  the  follicles.  Interspersed  amidst  the  crypts 
are  small  racemose  mucous  glands.  The  tonsils  are  very 
vascular,  and  receive  their  arteries  from  the  descending 
palatine  branch  of  the  internal  maxillary,  the  ascending 
pharyngeal  of  the  external  carotid,  the  dorsalis  linguae  of  the 
lingual,  and  the  tonsillar  and  ascending  palatine  branches 
of  the  facial.  Capillary  blood-vessels  are  distributed  in 
connection  with  the  papillae,  the  lymphoid  tissue,  and  the 
racemose  glands.  The  tonsillar  veins  form  a  plexus  in 
relation  to  the  attached  surface  of  the  tonsil.  Lymph- 
vessels  are  found  in  the  tonsils;  they  form  networks 


Fig.  178. — Vertical  section  tlirough  one  of 
the' Tonsils,  to  show  a  pit  vcviically 
divided,  e.  Its  epithelial  .lining;  /, /, 
lymph  follicles;  I,  I,  I,  lymph  cella  dif- 
fused in  the  connectire  tissue ;  a, 
small  artery  ending  in  capillary  blood- 
vessels.   Slightly  magnified. 
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between  aud  around  the  follicles  of  lymphoid  tissue. 
Branches  of  the  glosso-pharyngeal  nerve,  and  the  de- 
scending palatine  branches  of  Meckel's  ganglion,  pass  to 
the  tonsil. 

MUCOUS  ANT)  SALIVARY  GLANDS  OF  THE  MOUTH. 

The  ducts  of  numerous  glands  engaged  in  secreting  mucus 
and  saliva  open  on  the  free  surface  of  the  mucous  mem- 
brane of  the  mouth.  Their  secretion  not  only  keeps  the 
mouth  moist,  and  aids  therefore  in  articulation,  but  by 
mingling  with  the  food  assists  in  mastication,  deglutition, 
and  the  digestive  process.  Each  gland  is  characterised  by 
being  divided  into  small  lobules,  and  by  possessing  a  duct 
or  ducts,  which  branch  off  in  an  arborescent  manner  in  the 
substance  of  the  gland,  and  finally  end  in  the  minute 
lobules.  They  aU  belong  to  the  Compound  Racemose  group 
of  glands;  other  examples  of  which  are  found  in  the  pan- 
creas, Brunner's  glands,  the  mammse,  the  lachrymal  glands, 
Cowper's  and  Bartholini's  glands. 

The  Mucous  glands  of  the  mouth  are  situated  be- 
neath its  mucous  lining  in  the  following  localities: — a, 
labial  glands  in  the  upper  and  lower  lips,  but  absent  at 
the  angles  of  the  mouth :  h,  buccal  glands  scattered  on  the 
inner  surface  of  the  cheek  from  the  lips  to  the  opening  of 
the  parotid  duct:  c,  palatine  glands  on  the  oral  sur- 
face of  the  hard  palate,  in  the  uvula,  on  both  surfaces  of 
the  soft  palate  and  in  the  tonsils :  d,  molar  glands,  close 
to  the  last  lower  molar  tooth  on  each  side:  e,  lingual 
glands,  extending  backwards  from  the  tip  of  the  tongue 
along  its  margin,  and  also  on  the  dorsum  between  the  cir- 
cumvallate  papillae  and  epiglottis.     Blandin  and  Nuhn 
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have  described  a  cluster  of  glands  at  the  tip  of  the  tongue, 
between  the  genio-hyo-glossus,  stylo-glossus  and  lingualis, 
opening  by  four  or  five  ducts  on  the  under  surface  of 
the  tip. 

StrucUire. — The  ducts  of  these  mucous  glands  consist  of 
a  delicate  membrane  lined  by  a  single  layer  of  columnar 
epithelial  cells.  The  terminal  branches  of  the  ducts, 
which  enter  the  lobules,  end  in  a  series  of  saccular  dilata- 
tions, the  acini,  alveoli,  or  gland  vesicles,  which  contain 
rounded  or  polygonal  secreting  cells.  A  collection  of  such 
vesicles  forms  a  lobule.  The  lobules  are  bound  together 
by  intermediate  connective  tissue,  in  which  the  blood- 
vessels divide  into  a  capillary  network,  that  ramifies  on 
the  outer  surface  of  the  deUcate  membrane  forming  the 
wall  of  the  gland  vesicles. 

The  Salivary  Glands  of  the  Mouth  are  the  parotid, 
submaxillary,  and  sublingual  glands. 

The  Parotid  gland  is  the  largest  salivary  gland,  and  oc- 
cupies the  parotid  hollow  between  the  ascending  ramus  of 
the  lower  jaw,  the  mastoid  process  of  the  temporal  bone, 
the  external  auditory  meatus,  and  the  zygoma.  Its 
anterior  border  overlaps  the  masseter  muscle,  and  the 
excretory  duct  emerges  out  of  this  border.  A.  prolonga- 
tion of  gland  substance,  the  soda  parotidis,  frequently 
accompanies  the  duct  for  a  short  distance.  By  its  deep 
surface  the  gland  passes  as  far  as  the  styloid  process,  the 
parotid  fossa  in  the  temporal  bone,  the  digastric  muscle, 
internal  carotid  artery,  and  internal  jugular  vein.  The 
gland  is  enclosed  in  a  capsule  formed  of  the  cervical  fascia. 
Passing  into  the  gland  is  the  external  carotid  artery,  which 
gives  off  in  it  the  occipital,  posterior  auricular,  temporal  and 
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internal  maxillary  branches:  from  the  posterior  auricular 
and  temporal  branches  arise  the  small  arteries  which  supply 
the  parotid  gland  with  blood.  Emerging  from  the  gland 
is  the  external  jugular  vein,  which  is  formed  in  it  by  the 
junction  of  the  temporal,  internal  maxillary,  posterior  auri- 
cular and  transverse  facial  veins.  Piercing  the  gland  are 
the  facial  and  auriculo-temporal  nerves. 

The  excretory  duct  of  the  gland,  called  Stenson's  duct, 
passes  forwards  superficial  to  the  masseter  muscle,  then 
pierces  successively  the  fat  of  the  cheek,  the  buccinator  muscle 
and  the  mucous  membrane,  and  opens  on  the  inner  surface  of 
the  cheek  opposite  the  second  upper  molar  tooth.  The 
duct  is  between  two  and  three  inches  long,  and  about  the 
thickness  of  a  crow  quill. 

The  Suhmaxillary  gland  is  situated  in  the  submaxillary 
triangular  space,  and  rests  against  a  shallow  fossa  on  the 
under  surface  of  the  horizontal  ramus  of  the  lower  jaw.  It 
lies  for  the  most  part  on  the  mylo-hyoid  muscle,  but  sends 
a  process,  along  with  the  excretory  duct,  round  the  posterior 
border  of  the  muscle,  which  process  lies  between  the  mylo- 
hoid  and  the  hyo-glossus  muscles.  The  gland  is  enclosed  in  a 
capsule  formed  of  the  cervical  fascia,  and  is  separated  from 
the  parotid  gland  by  a  deep  process  of  that  fascia  named 
the  sbylo-m axillary  ligament.  The  facial  artery,  as  it 
ascends  to  the  face,  passes  through  the  substance  of  the 
gland  and  gives  off  glandular  branches  to  supply  it  with 
blood. 

The  excretory  duct  of  the  gland,  called  Wliarton's  duct, 
runs  forwards  for  two  inches  between  the  mylo-hyoid  and 
the  hyo-glossus  and  genio-hyo-glossus  muscles,  and  ends 
by  opening  on  the  floor  of  the  mouth  by  the  side  of  the 
frsenum  linguae. 
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The  Sublingual  is  the  smallest  of  the  salivary  glands, 
and  lies  under  the  mucous  membrane  of  the  floor  of  the 
mouth,  close  to  the  genio-hyo-glossus  muscle  and  the  line 
of  attachment  of  the  fra3num  linguae.  It  is  concealed  by  the 
mylo-hyoid  muscle,  and  receives,  as  its  arteries  of  supply, 
the  sublingual  branch  of  the  lingual  artery  and  small 
branches  of  the  submental  branch  of  the  facial  artery.  In- 
stead of  having,  like  the  parotid  or  the  submaxillary  gland, 
only  a  single  excretory  duct,  it  possesses  from  ten  to  twenty 
small  ducts,  the  ducts  of  Rivinus,  some  of  which  join 
Wharton's  duct,  though  the  greater  number  open  directly 
into  the  floor  of  the  mouth  near  the  frtenum  linguse. 

Structure. — The  ducts  of  the  salivary  glands  branch  and 
terminate  in  the  lobules ;  each  terminal  duct  ending  in  a 
series  of  saccular  dilatations,  the  acini,  alveoli,  or  gland- 
vesicles,  the  wall  of  which,  formed  apparently  of  a  mem- 
brana  propria,  is  continuous  with  the  simple  membranous 
wall  of  the  terminal  duct.  The  terminal  ducts  are  lined 
by  a  layer  of  squamous  epithelium.  The  waD  of  the 
larger  ducts  is  formed  of  white  and  yellow  fibrous  tissue, 
with,  in  some  instances,  contractile  muscular  fibre-cells, 
and  is  lined  by  a  columnar  epithelium. 

The  gland  vesicles  contain  the  secreting  cells,  which 
present  two  different  histological  appearances.  The  cells 
which  lie  in  the  centre  of  the  alveolus  approach  the 
spheroidal  in  form,  though  with  the  sides  often  flattened ; 
their  protoplasm  is  granulated,  though  it  may  clear  up, 
apparently  from  a  mucous  change  in  its  substance ;  their 
nucleus  is  distinct,  and  usually  close  to  the  circumference 
of  the  cell.  The  cells  which  lie  next  the  wall  of  the  vesicle 
are  smaller,  with  a  more  granulated  protoplasm,  and  on 
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section  present  a  semilunar  form ;  they  were  first  described 
by  Gianuzzi  as  •  the  semilunar  body.  Lavdowsky  states 
that  the  semilunar  cells  are  connected  together  by  a  network 
of  exceedingly  delicate  threads  of  protoplasm.  Though  some 
have  supposed  these  two  forms  of  cells  to  be  quite  distinct,  it 
is  not  improbable  that  the  peripheral,  so-called  semilunar 
cells  are  merely  a  younger  stage  of  the  central  secreting 
cells,  which  have  not  yet  undergone  a  mucous  change. 
Both  kinds  of  cells  are  found  in  the  submaxillary  and  sub- 
lingual glands ;  but  in  the  parotid,  the  secreting  cells  ex- 
hibit a  uniform  granulated  protoplasm,  and  do  not  undergo 
the  mucous  change.  Heidenhain  has  pointed  out  that, 
when  the  submaxillary  gland  has  been  stimulated,  for  some 
time,  the  central  cells  lose  their  clear  transparent  appearance, 
and  assume  the  characters  of  a  granulated  protoplasm,  a 
change  which  is  doubtless  due  to  the  contained  "mucus" 
being  poured  out  in  the  secretion.  Boll  has  described 
the  membrana  propria  of  the  gland- vesicles  as  consisting  of 
anastomosing  connective  tissue  cells,  and  an  anastomosing 
reticulum  of  connective  tissue  corpuscles  has  been  said  to 
exist  between  the  cells  situated  within  the  vesicles.  Pfliiger 
has  described  minute  channels,  or  intercellular  passages 
between  the  secreting  cells,  which  communicate  with  the 
lumen  of  the  duct,  and  serve  as  the  passages  along  which 
the  salivary  secretion  flows  out  of  the  vesicle.  Schliiter 
and  Pfliiger  have  described  smooth  muscular  fibre-cells, 
arranged  either  solitarily,  or  in  fasciculi,  in  the  connective 
tissue  framework  of  the  salivary  glands. 

The  blood-vessels  are  distributed  in  the  interlobular  con- 
nective tissue,  and  form  a  capillary  network  on  the  wall  of 
the  gland-ducts,  and  on  the  wall  of  the  gland  vesicles. 
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Giauuzzi  has  described  lymphatics,  in  the  interlobular  con- 
nective tissue,  and  around  the  arteries  and  veins  of  the 
glands.  The  submaxillary  and  sublingual  glands  receive 
their  nervous  supply  from  the  chorda  tympani  branch  of 
the  facial  nerve,  and  from  the  third  division  of  the  fifth 
cranial  and  sympathetic  through  the  submaxillary  ganglion. 
The  parotid  gland  is  supplied  by  the  small  superficial 
petrosal  branch  of  the  facial  and  by  the  sympathetic. 
The  nerves  pass  into  the  interlobular  connective  tissue, 
branch  in  their  course,  and  sometimes  are  connected  to 
minute  ganglia.  Pfliiger  states  that  meduUated  fibres  can 
be  traced  up  to  the  gland  vesicles,  where  they  perforate 
the  membrana  propria,  and  then  lose  the  medullary  sheath, 
whilst  the  axial  cylinder  is  prolonged  into  the  protoplasm 
of  the  secreting  cells.  Other  meduUated  fibres,  he  says, 
pierce  the  walls,  of  the  gland  ducts,  and  after  losing  their 
medullary  sheath,  the  axial  cylinders  branch,  and  become 
continuous  with  the  columnar  epithelial  lining  of  the  duct. 
He  has  also  described  multipolar  cells,  which  he  believes 
to  be  nervous,  directly  continuous  by  their  processes 
with  the  secreting  cells.  Pfliiger's  observations,  however, 
on  the  direct  continuity  of  the  nerve  fibres  and  cells  with 
the  secreting  cells  of  the  salivary  glands  have  not  been 
generally  accepted.  . 
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THE  PHARYNX. 

The  Pharynx  is  aa  irregularly  dilated  canal,  which 
forms  a  common  passage,  connecting  the  mouth  with  the 
oesophagus,  and  the  nose  with  the  larynx,  so  as  to  be  sub- 
servient to  the  processes  both  of  deglutition  and  respira- 
tion.   It  is  situated  in  the  upper  part  of  the  neck,  and 
extends  from  the  basi-cranial  axis,  which  forms  its  upper 
boundary,  as  low  down  as  the  level  of  the  sixth  cervical 
vertebra,  where  it  becomes   continuous  with  the  oeso- 
phagus.   It  lies  in  front  of  the  six  upper  cervical  verte- 
brie,  with  their  prevertebral  muscles,  from  which  it  is 
separated  by  some  loose  areolar  tissue.     It  is  placed 
behind  the  nose,  mouth,  and  larynx,  all  of  which  com- 
municate with  it  through  openings  in  its  anterior  wall. 
Its  length  is  from  4i  to  5i  inches ;  the  transverse  diameter 
is  greater  than  the   antero-posterior,  and   it  is  wider 
opposite  the  back  of  the  mouth  and  the  great  cornua  of 
the  hyoid  bone,  than  opposite  the  back  of  the  nose,  or 
larynx ;  at  its  lower  end  it  assumes  a  tubular  form,  where 
it  becomes  continuous  with  the  oesophagus.    Its  walls  are 
composed  of  muscles  and  membrane,  which  are  arranged 
so  as  completely  to  wall  in  the  tube  laterally  and  pos- 
teriorly, but  to  permit  of  free  communication  in  front 
with  the  nose,  mouth,  and  larynx.    If  the  pharynx  be 
opened  by  a    longitudinal   incision   through  the  pos- 
terior wall,  two  structures,  viz.,  the   soft    palate  and 
epiglottis,  will  be  seen  to  project  into  it  from  the  anterior 
wall.    The  soft  palate,  with  the  uvula  depending  from  its 
lower  border,  inclines  downwards  and  backwards,  and 
divides  the  upper  or  nasal  part  of  the  pharynx  from  the 
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middle  or  buccal  portion.  The  epiglottis  projects 
upwards  immediately  in  front  of  the  orifice  of  the  larynx, 
and  marks  the  boundary  between  the  buccal  part  of  the 
pharynx  and  the  superior  orifice  of  the  larynx. 

Seven  openings  communicate  with  the  interior  of  the 
pharynx  (fig.  181).  Into  the  upper  or  nasal  portion  are 
the  two  posterior  nares,  separated  from  each  other  by 
the  posterior  edge  of  the  nasal  septum ;  and  the  trumpet- 
shaped  mouths  of  the  two  Eustachian  tubes  open,  one 
on  each  side,  in  line  with  the  posterior  end  of  the 
inferior  turbinated  bone  of  the  same  side.  Below  the 
soft  palate  is  the  posterior  orifice  of  the  mouth ;  behind 
the  epiglottis  is  the  superior  aperture  of  the  larynx ; 
opposite  the  sixth  cervical  vertebra  the  pharynx  communi- 
cates with  the  oesophagus. 

Structure. — The  wall  of  the  pharynx  consists  of  three 
coats,  an  external  muscular,  an  internal  mucous  coat,  and 
an  intermediate  fibrous  membrane,  which  blends  with  the 
submucous  coat. 

The  muscular  coat  consists  of  three  pairs  of  circularly 
arranged  muscles,  the  constrictors  of  the  pharynx;  and 
of  two  pairs  of  longitudinally-arranged  muscles,  the  stylo- 
pharyngei  and  palato-pharyngei,  with  occasionally  a  third 
pair,  the  salpingo-pharyngei.  The  constrictor  muscles 
extend  from  the  lateral  wall  to  the  middle  line  of  the 
posterior  wall  of  the  pharynx,  and  are  named  from  below 
upwards  the  inferior,  middle,  and  superior  constrictors; 
they  lie  on  three  different  planes,  so  that  the  inferior  con- 
strictor overlaps  the  middle,  and  the  middle  the  superior. 

Inferior  constrictor,  or  laryngo-^iharyngeus  muscle, 
arises  from  the  side  of  the  cricoid  cartilage  of  the  larynx, 
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from  the  oblique  ridge  ou  the  outer  surface,  and  the 
upper   and  lower  borders  of  the  lateral  plate  of  the 


Fig.  179. — Profile  view  of  Cheek  and  Phaiynx  showing  the  Constrictor  Muscles, 
a,  buccinator;  6,  tensor;  c,  levator  palati ;  d,  e,  f,  superior,  middle,  and  infe- 
rior constrictors;  g,  thyro-hyoid;  A,  hyo-Rlossus;  I,  mylo-hyoid ;  m,  crico- 
thyroid; n,  stylo-phiiryngeus ;  o,  stylo-glossus  ;  ^,  pterygo-maxillary  ligament 
which  gives  origin  to  buccinator  and  superior  constrictor;  I,  glosso-pharyngeiil 
nerve;  2,  superior  laryngeal  artery;  3,  superior  laryngeal  nerve;  4,  external 
laryngeal  branch  to  crico-thyroid  muscle;  6,  inferior  laryngeal  nerve  and 
artery, 

thyroid  cartilage  ;  its  fibres  curve  backwards,  to  be  inserted 
into  the  middle  line  of  the  posterior  surface  of  the  pharynx, 
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where  it  joins  its  fellow  of  the  opposite  side.  Its  lower 
fibres  are  in  relation  to  the  upper  fibres  of  the  oesophagus. 

Middle  constrictor,  or  hyo-pharyngeus  muscle,  arises  from 
the  great  and  small  cornua  of  the  hyoid  bone  and  from 
the  stylo-hyoid  ligament ;  its  fibres  radiate  in  a  fan-shaped 
manner,  and  curve  backwards  to  be  inserted  into  the  middle 
line  of  the  posterior  surface  of  the  pharynx,  where  it  joins 
its  fellow. 

Superior  constrictor,  or  gnatJio-pharyngeus  muscle,  arises 
from  the  side  of  the  tongue  and  adjacent  buccal  raucous 
membrane,  from  the  back  of  the  mylo-hyoid  ridge  of  the 
lower  jaw,  from  the  pterygo-maxillary  ligament,  and  the 
lower  third  of  the  posterior  border  of  the  internal  pterygoid 
plate  of  the  sphenoid;  its  fibres  curve  backwards  to  be 
inserted  into  the  middle  line  of  the  posterior  surface  of  the 
pharynx,  where  it  joins  its  fellow ;  but  the  highest  fibres 
are  inserted  into  the  pharyngeal  tubercle  on  the  under 
surface  of  the  basi-occipital.  The  upper  border  forms  a 
concave  curve  from  the  origin  to  the  insertion,  and  the 
fibrous  tunica  pharyngis  interna  fills  up  the  interval  between 
it  and  the  basis-cranii. 

Stylo-pharyiigeus  muscle  arises  from  the  root  of  the 
styloid  process  :  its  fibres  run  obliquely  downwards  and 
inwards,  between  the  superior  and  middle  constrictors,  to 
be  inserted  partly  into  the  posterior  border  of  the  thy- 
roid cartilage,  and  partly  to  blend  with  the  adjacent 
part  of  the  muscular  wall  of  the  pharynx. 

Palato-pharyngeus  muscle  arises  in  the  soft  palate, 
where  it  decussates  across  the  mesial  plane  with  the 
corresponding  muscle  of  the  opposite  side  :  its  fibres  pass 
downwards  in  the  posterior  pillar  of  the  fauces,  and  spread 
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out  in  the  muscular  waU  of  the  pharynx  from  the  posterior 
border  of  the  thyroid  cartilage,  back  to  and  even  across 
the  middle  line  of  the  pharynx  posteriorly. 

Salpingo-pharyngetis  muscle,  when  present,  arises  from 
the  cartilage  of  the  Eustachian  tube ;  its  fibres  descend  in 
the  postero-lateral  wall  of  the  pharynx,  to  be  inserted 
along  with  the  palato-pharyngeus. 

The  muscular  wall  of  the  pharynx  is  enveloped  by  a 
fibrous  membrane,  the  tunica  plmryngis  externa,  which  is 
continuous  superiorly  with  the  fibrous  membrane  covering 
the  buccinator  muscles.  Between  the  muscular  and 
mucous  coats  of  the  pharynx  is  the  tunica  pharyngis 
interna,  which  forms  in  the  posterior  wall  of  the  nasal 
part  of  the  pharynx  a  well-defined  fibrous  membrane.  It 
is  attached  above  to  the  petrous-temporal,  the  basi- 
sphenoid,  and  the  pharyngeal  tubercle  of  the  basi- 
occipital.  From  this  tubercle  a  slender  band  passes 
longitudinally  down  the  middle  line  of  the  posterior  wall 
of  the  pharynx  and  forms  a  common  insertion  for  the 
three  pairs  of  constrictors.  As  the  tunica  interna  descends 
in  the  wall  of  the  pharynx  it  becomes  thinner,  and  is 
finally  lost  in  the  submucous  coat. 

The  mucous  coat  of  the  pharynx  lines  the  canal,  and  is 
continuous  through  the  several  openings  with  the  mucous 
membrane  lining  the  Eustachian  tubes,  nose,  mouth, 
larynx,  and  oesophagus. 

The  epithelium  covering  the  mucous  membrane  of  the 
nasal  part  of  the  pharynx  is  columnar  and  ciliated  over  a 
considerable  surface,  but  elsewhere  the  pharyngeal  epi- 
thelium is  tesselated  and  stratified ;  and  in  the  latter 
localities,  vascular  papillae   project  into  the  epithelial 
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layers.  Small  racemose  glands,  similar  to  tlie  mucous 
glands  of  the  mouth,  or  to  Brunner's  glands,  lie  beneath 
the  mucous  membrane,  which  in  pierced  by  their  ducts  to 
open  on  the  surface  (fig.  180)  :  they  are  most  numerous 


Fig.  180.— Vertical  section  through  the  mucous  membrane  of  the  Pliarynx  to 
show  the  racemose  Rlands.  e,  the  epithelium;  ct.  suhjacent  connective  tissue; 
g,  racemose  gland;  d,  its  duct;  o,  artery  ending  in  a  capiUary  plexus  on  the 
gland  vesicles,   x  40. 

in  the  nasal  part  of  the  pharynx.  Collections  of  lymphoid 
tissue  are  found  in  the  sub-epithelial  connective  tissue, 
more  especially  in  the  nasal  part  of  the  pharynx,  where 
it  forms  a  mass,  extending  across  the  posterior  and  upper 
wall,  between  the  openings  of  the  two  Eustachian  tubes, 
which  Luschka  has  called  the  pharyngeal  tonsil.  A  net- 
work of  lymphatic  vessels  exists  both  in  the  submucous 
coat,  where  it  lies  in  relation  to  the  lymphoid  tissue,  and 
between  the  tunica  pharyngis  externa  and  muscular  coat ; 
lymphatic  glands  are  in  connection  with  the  latter  part 
of  the  network.    The  arteries  of  the  pharynx  are  derived 
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from  the  ascending  pharyngeal  branch  of  the  external 
carotid,  the  ascending  palatine  and  tonsillar  of  the  facial, 
and  the  palato-pharyngeal  and  descending  palatine 
branches  of  the  internal  maxillary.  The  motor  nerves 
of  the  pharynx  are  derived  from  the  pharyngeal  branches 
of  the  vagus,  the  external  laryngeal  nerve  and  the  glosso- 
pharyngeal nerve.  The  sensory  nerves  arise  from  the 
pharyngeal  branches  of  the  glosso-pharyngeal,  and  from 
the  pharyngeal  branch  of  Meckel's  ganglion,  which  latter 
supplies  the  mucous  lining  of  the  nasal  part  of  the 
pharynx.  Sympathetic  nerve  fibres  pass  to  the  pharynx 
from  the  superior  cervical  ganglion.  The  motor,  sensory, 
and  sympathetic  nerves  unite  to  form  the  pharyngeal 
plexus  situated  behind  the  middle  constrictor  muscle. 

The  Soft  Palate  forms  an  inclined  plane,  which  pro- 
jects, downwards  and  backwards  into  the  pharynx,  from  the 
posterior  border  of  the  hard  palate.  It  is  less  dependent 
at  the  sides  than  in  the  mesial  plane,  where  it  forms  an 
elongated  body,  the  uvula.  From  its  position  it  is  in  rela- 
tion both  to  the  mouth  and  the  pharynx.  Its  anterior  or 
oral  surface  is  smooth,  and  gives  origin  on  each  side  to  a 
fold,  which  curves  downwards  to  the  side  of  the  root  of 
the  tongue,  to  form  the  anterior  pillars  of  the  palate  or 
fauces.  Its  posterior  or  pharyngeal  surface,  also  smoooth, 
gives  origin  on  each  side  to  a  fold,  which,  springing  from 
the  base  of  the  uvula,  curves  downwards  and  backwards 
to  be  lost  in  the  side  walls  of  the  pharynx ;  this  pair  of 
folds  forms  the  posterior  pillars  of  the  palate  or  fauces. 

Structure. — The  soft  palate  is  complex  in  structure,  and 
consists  of  muscles,  mucous  membrane,  glands,  blood  and 
lymph  vessels,  and  nerves.     The  muscles  of  the  soft 
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palate  are  arranged  in  two  groups,  those  which  elevate 
and  make  it  tense,  and  those  which  constrict  the  fauces. 
The  tensors  and  elevators  are  as  follows : — 
Levator  palati  arises  from  the  front  of  the  under  surface 


Fig  181  —Interior  of  the  Pharynx  exposed  by  cutting  through  its  posterior  wail. 
The  niucous  membrane  has  been  removed,  and  the  muscles  of  the  Soft  Palate 
are  exposed  a  a,  Eustachian  tube;  b,  b,  tensor;  c,  levator  palati;  d,  levatores 
or  azvgos  uvulffi ;  e,  e,  palato-pharyngeus,  cut  through  on  the  right  side  to 
show,    the  tonsil,  and/,  the  palate- glossus;  g,  Ii,  k,  the  three  constrictors. 

of  the  petrous  temporal,  and  from  the  membrano-caitilaginous 
wall  of  the  Eustachian  tube  :  it  passes  through  the  wall  of 
the  pharynx  above  the  upper  concave  border  of  the  superior 


SOFT  PALA.TE. 


667 


constrictor,  aad  eaters  the  soft  palate  in  the  posterior  part, 
in  which  it  may  be  traced  up  to  the  mesial  plane. 

Levatores  or  Azygos  uvulae  consist  of  two  fasciculi,  one  on 
each  side  of  the  mesial  plane  of  the  uvula,  which  arise  from 
the  spine  of  the  palate  plates  of  the  palate  bones,  and 
descend  into  the  uvula  towards  its  tip. 

Tensor  or  Circwnflexus  palati  arises  from  the  scaphoid 
fossa  at  the  root  of  the  internal  pterygoid  plate,  and  from 
the  outer  third  of  the  wall  of  the  Eustachian  tube :  it 
descends  in  the  pterygoid  fossa,  and  ends  in  a  tendon 
which  hooks  round  the  root  of  the  hamular  process,  and 
pierces  the  wall  of  the  pharynx  between  the  pterygoid  and 
pterygo-maxillary  origins  of  the  superior  constrictor ;  it 
enters  the  soft  palate  and  expands  into  an  aponeurotic 
tendon,  which  blends  in  the  mesial  plane  with  that  of 
the  corresponding  muscle,  and  is  attached  to  the  under 
surface  of  the  palate  plate  of  the  palate  bone. 

The  constrictors  of  the  fauces  are  as  follows  : — 

Palato-glossus  forms,  along  with  its  fellow,  a  sphincter 
arrangement  in  the  soft  palate,  anterior  palatine  pillars  and 
tongue.  It  lies  in  the  soft  palate  in  close  relation  to  the 
mucous  membrane  of  the  anterior  surface,  descends  in  the 
anterior  pillars  to  the  sides  of  the  root  of  the  tongue,  into 
the  substance  of  which  it  enters.  By  its  contraction  it 
constricts  the  pharyngo-oral  orifice. 

Palato-pharyngeus  has  been  described  on  p.  662. 

The  action  of  the  muscles  of  the  soft  palate  and  pharynx 
in  connection  with  the  process  of  deglutition  has  been 
described  on  p.  88.  From  their  attachment  to  the  wall  of 
the  Eustachian  tube,  the  tensor  and  levator  palati  muscles 
can,  when  the  soft  palate  is  fixed,  act  on  the  tube.  The 
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tensor  palati  is  believed  to  be  a  dilator  of  the  tube.  The 
levator  palati  is  also  regarded  by  some  as  a  dilator,  but 
Cleland  maintains  that  it  acts  as  a  constrictor  by  approxi- 
mating the  membranous  to  the  cartilaginous  wall  of  the 
tube. 

The  mucous  membrane  of  the  soft  palate  is  continuous 
with  that  of  the  mouth  and  pharynx.  The  epithelium 
covering  the  anterior  or  oral  surface  is  a  stratified  pavement 
epithelium.  That  on  the  posterior  or  pharyngeal  surface 
appears  to  vary  at  different  periods  of  life ;  for  whilst  Klein 
found  in  the  infant  a  laminated  cylindrical  and  ciliated 
epithelium,  with  isolated  areas  of  pavement  epithelium,  in 
adults  the  surface  generally  was  covered  by  a  laminated 
pavement  epithelium.  Numerous  racemose  mucous  glands 
lie  beneath  the  mucous  membrane,  but  much  more  abun- 
dantly on  the  oral  than  on  the  pharyngeal  aspect.  Collec- 
tions of  lymphoid  tissue,  similar  to  those  found  in  the 
tonsils,  are  also  met  with.  The  arteries  are  the  descending 
palatine  branches  of  the  internal  maxillary,  the  inferior 
palatine  of  the  facial,  and  palatine  branches  of  the  ascend- 
ing pharyngeal.  The  veins  of  the  soft  palate  often  assume 
a  dilated  character,  and  are  continuous  with  the  pharyn- 
geal veins.  Lymphatics  are  also  distributed  beneath  the 
mucous  membrane. 

There  are  difficulties  in  determining  with  precision  the 
motor  nerves  of  the  soft  palate.  A  branch  from  the  otic 
ganglion  of  the  third  division  of  the  fifth  nerve  passes  to 
the  tensor  palati.  The  levator  palati  and  azygos  uvula 
are  by  some  considered  to  be  supplied  by  the  pharyngeal 
branches  of  the  vagus,  though  others  regard  them  as 
supplied  by  the  large  superficial  petrosal  of  the  facial, 
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which  goes  to  Meckel's  ganglion,  and  sends  branches  to 
the  palate  in  the  descending  palatine  branches  of  that 
ganglion.  The  palato-pharyngeus  and  palato-glossus  are 
probably  supplied  by  the  pharyngeal  branches  of  the  vagus. 
The  sensory  nerves  to  the  mucous  membrane  are  derived, 
from  the  second  division  of  the  fifth,  through  the  descending 
palatine  branches  of  Meckel's  ganglion.  Sympathetic 
nerve  fibres  also  probably  accompany  the  descending  pala- 
tine nerves. 

(ESOPHAGUS. 

The  (Esophagus,  or  Gullet,  is  an  almost  cylindrical  tube, 
about  9  or  10  inches  long,  which  transmits  the  food  from 
the  pharynx  to  the  stomach.  It  commences  in  the  neck 
opposite  the  body  of  the  sixth  cervical  vertebra,  where  it  is 
continuous  with  the  pharynx.  It  passes  down  the  lower 
part  of  the  neck,  traverses  the  cavity  of  the  thorax,  pierces 
the  diaphragm  at  the  oesophageal  opening,  enters  the  abdo- 
men, and  becomes  continuous  with  the  cardiac  end  of  the 
stomach  close  to  that  opening.  It  lies  in  front  of  the 
bodies  of  the  vertebras,  and  follows  the  antero-posterior 
curvatures  of  the  spine,  but,  at  the  lower  part,  both  of  the 
neck  and  thorax,  it  inclines  somewhat  to  the  left  of  the 
mesial  plane.  It  is  placed  behind  the  trachea,  the  arch  of 
the  aorta,  the  heart,  and  pericardium.  In  the  thorax  it  is 
situated  in  the  posterior  mediastinal  division  of  the  inter- 
pleural space,  with  the  vena  azygos  to  its  right,  and  the 
descending  aorta  at  first  to  its  left  and  then  behind  it.  It 
is  closely  accompanied  in  the  greater  part  of  its  course  by 
the  pneumogastric  nerves,  which  form  a  plexus  around  it. 

Structure. — The  waU  of  the  oesophagus  consists  of  three 
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coats,  named,  from  without  inwards,  muscular,  sub-mucous, 
and  mucous  coats. 

The  muscular  or  eoctemal  coat  is  divided  into  two  layers, 
an  external  and  an  internal.  The  external  layer  is  com- 
posed of  fibres  arranged  longitudinally  in  the  wall.  They 
are  collected  into  three  bundles;  one  springs  from  the 
back  of  the  cricoid  cartilage  and  descends  in  the  anterior 
wall,  the  others  are  situated  at  the  sides  of  the  oesophagus; 
as  they  reach  its  lower  end  the  fibres  are  no  longer  collected 
into  three  bundles,  but  form  a  uniform  layer  around  the 
tube.  The  internal  layer  consists  of  fibres  arranged  in 
a  series  of  rings  around  the  tube,  which  lie  sometimes 
horizontally,  at  others  obliquely.  The  muscular  coat  in 
the  upper  fourth  of  the  oesophagus  is  red,  and  its  fibres  are 
transversely  striped ;  in  the  second  fourth  numerous  non- 
striped  fibres  are  mingled  with  the  striped ;  whilst  in  the 
lower  half  the  coat  consists  exclusively  of  non-striped 
fibres.  By  the  contraction  of  the  fibres  of  the  muscular 
coat  the  food  is  propelled  4ownwards  into  the  stomach. 
Hyrtl  described  in  1844  muscular  slips  as  occasionally  found 
passing  from  the  oesophagus  to  the  pleura  and  left  bronchus. 
D.  J.  Cunningham,  who  has  recently  examined  this  arrange- 
ment, states  that  the  'pleuro-oesophageal  muscle  arises  from 
the  left  pleura,  where  it  lies  over  the  thoracic  aorta,  and 
joins  the  left  margin  of  the  oesophagus;  it  is  always  present. 
The  hronclio-oesophageal  muscle  is  not  so  constant;  it 
springs  from  the  back  of  the  left  bronchus,  and  blends  with 
the  longitudinal  fibres  of  the  oesophagus. 

The  suh-mucous  coat  connects  the  muscular  and  mucous 
coats  with  each  other.  It  consists  of  bundles  of  white 
fibrous  tissue  intermingled  with  elastic  fibres,  and  the 
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nerves  and  blood-vessels  passing  to  the  mucous  coat  ramify 
in  it. 

The  mticous  or  internal  coat  lines  the  interior  of  the 
tube,  is  continuous  above  with  the  mucous  lining  of  the 
pharynx,  and  below  with  that  of  the  stomach.  When  the 
oesophagus  is  empty  it  is  thrown  into  longitudinal  folds. 
Its  free  surface  is  covered  by  a  thick  layer  of  stratified 
squamous  epithelium,  which  terminates  abruptly  at  the 
cardiac  orifice  of  the  stomach  in  an  irregular  line.  Pro- 
jecting into  the  epithelium  are  multitudes  of  minute  coni- 
cal papillae.  .  Opening  on  the  surface  of  the  membrane  are 
the  ducts  of  numerous  small  racemose  glands  similar  to 
those  in  the  pharynx  (fig.  180).  Collections  of  lymphoid 
tissue,  forming  solitary  follicles,  are  also  found  in  the 
mucous  membrane.  The  deep  surface  of  the  mucous 
membrane  consists  of  a  layer  of  non-striped  muscular 
tissue,  the  bundles  of  which  run  longitudinally ;  it  forms 
the  muscular  layer  of  the  mucous  coat,  or  muscularis 
mucosce. 

The  oesophagus  is  supplied  with  blood  by  the  inferior 
thyroid  artery,  the  oesophageal  branches  of  the  thoracic 
aorta  and  the  ascending  branch  of  the  coronary  artery  of 
the  stomach,  The  nerves  are  derived  from  the  pneumo- 
gastrics,  which  form  plexuses  containing  nerve  cells,  not 
only  in  the  muscular  coat,  but  in  the  muscularis  mucosa?. 
A  network  of  lymphatic  vessels  also  occurs  in  both  the 
mucous  and  sub-mucous  coats. 
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Abdominal  Cavity  and  Peritoneum. 

As  the  remaining  portions  of  the  Alimentary  Canal 
are  situated  in  the  Abdominal  Cavity,  it  will  be  advisable, 
before  describing  their  anatomy,  to  give  an  account  of  the 
form  and  boundaries  of  that  cavity,  of  its  division  into 
regions,  and  of  the  general  arrangement  of  the  peritoneum, 
which  constitutes  its  lining  membrane. 

The  Abdominal  Cavity,  Abdomen,  or  Belly,  is  the 
largest  of  the  three  great  cavities  of  the  body.  It  occupies 
about  the  lower  two-thirds  of  the  trunk,  and  extends  from 
the  diaphragm  above  to  the  pelvic  floor  below.  As  its  walls, 
except  in  the  pelvic  region,  are  chiefly  formed  of  muscles 
and  of  fibrous  membrane,  they  are  much  more  distensible 
than  those  of  the  thorax,  and  permit  considerable  modifi- 
cations in  the  size  of  the  viscera,  contained  within  the 
cavity,  to  occur. 

The  abdomen  is  elongated  in  form;  its  vertical  diameter 
is  greater  than  either  the  transverse  or  the  antero-postcrior 
diameter.  The  superior  boundary  is  formed  by  the  con- 
cave vault  of  the  diaphragm,  and  by  the  seven  lower  pairs 
of  ribs  and  costal  cartilages :  in  this  boundary  occur  the 
opening  through  which  the  oesophagus  passes  into  the 
abdomen ;  also  the  apertures  for  the  transmission  of  the 
great  blood-vessels,  the  nerves  and  the  thoracic  duct.  The 
inferior  boundary  is  formed  by  the  levatores  ani  and 
coccygei  muscles,  and  the  pelvic  fascia :  in  relation  to  this 
boundary  are  the  termination  of  the  rectum  and  anal  ori- 
fice, the  termination  of  the  urethra,  and  in  the  female  that 
of  the  vagina  also.  The  anterior  boundary  is  formed 
above  by  the  muscles  of  the  anterior  abdominal  wall  and 
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the  fascia  trans versalis :  the  linea  alba  occupies  its  middle 
line,  and  about  the  middle  of  the  linea  alba  is  the  um- 
bilicus or  navel:  the  anterior  wall  below  is  formed  by  the 
two  pubic  bones  with  the  symphysis.  The  lateral  walls,  or 
flanks,  are  formed  above  by  the  flat  muscles  of  the  abdomi- 
nal wall  and  the  fascia  transversalis,  and  below  on  each 
side  by  the  ilium  and  ischium  with  the  muscles  attached 
to  them.  The  posterior  wall  is  formed  by  the  lumbar 
spine,  sacrum,  and  coccyx,  and  by  the  muscles  attached  to 
these  bones  with  their  accompanying  fasciae. 

The  abdomen  is  primarily  divided  into  the  pelvis  and 
abdomen  proper.  The  pelvis  is  subdivided  into  the  false 
pelvis,  or  part  above  the  pelvic  brim,  and  trite  pelvis,  or 
part  below  the  pelvic  brim. 

The  abdomen  proper  is  subdivided  into  nine  regions,  the 
boundaries  of  which  are  not  regulated  by  anatomical  struc- 
tures, but  by  certain  lines  drawn  upon  the  surface  of  the 
body,  which  are  supposed  to  be  prolonged  through  the 
cavity  in  imaginary  planes.  An  upper  horizontal  line  is 
drawn  on  a  level  with  the  most  prominent  part  of  the 
ninth  pair  of  costal  cartilages,  and  a  lower  horizontal  line 
on  a  level  with  the  summit  of  the  iliac  crest.  Through 
these  lines  the  abdomen  is  divided  into  three  zones,  an 
upper  or  costal,  a  middle  or  lumbar,  a  lower  or  iliac.  Each 
of  these  zones  is  subdivided  into  three  regions  by  two 
vertical  lines  drawn  perpendicularly  upwards  from  the 
middle  of  Poupart's  ligament.  The  costal  zone  is  sub- 
divided into  two  lateral  regions,  the  right  and  the  left 
hijpocJiondrium,  and  a  middle  or  epigastrium ;  the  epigas- 
trium lies  immediately  below  the  xiphi-sternum,  in  the 
interval  of  divergence  between  the  costal  cartilages  of 
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opposite  sides,  and  is  sometimes  called  tlie  pit  of  tlie 
stomach ;  whilst  the  hypochondriac  regions  are  under  cover 
of  the  lower  ribs  and  costal  cartilages.  The  lumbar  zone 
is  subdivided  into  two  lateral  regions,  the  right  and  the 
left  lumbar  regions,  or  the  loins,  and  a  middle  or  umbilical 
region  ;  in  the  middle  of  the  umbilical  region  is  the  navel, 
which  is  placed  opposite  the  body  of  the  fourth  lumbar 
vertebra.  The  iliac  zone  is  subdivided  into  two  lateral 
regions,  the  right  and  the  left  iliac  regions,  and  a  middle 
or  hypogastrium ;  the  hypogastrium  is  situated  immedi- 
ately above  the  pubic  symphysis  and  the  bodies  of  the 
two  pubic  bones,  and  opposite  the  bodies  of  the  sacral 
vertebras,  The  position  of  the  viscera  in  these  regions 
will  be  given  in  the  account  of  their  descriptive  anatomy. 

The  Peritoneum  is  the  largest  and  most  complicated 
serous  membrane  in  the  body.  Like  the  other  serous 
membranes,  it  not  only  lines  the  walls  of  the  cavity  in 
which  it  is  situated,  but  gives  a  more  or  less  complete  in- 
vestment to  the  contained  viscera.  It  is  arranged,  there- 
fore, so  as  to  form  a  parietal  and  a  visceral  part,  which  are 
continuous  with  each  other  in  the  various  regions,  where 
the  part  lining  the  wall  is  reflected  as  a  covering  upon  the 
viscera.  A  space  or  cavity,  called  the  peritoneal  cavity,  is 
enclosed  between  the  parietal  and  visceral  layers.  This 
cavity,  as  in  other  serous  membranes,  is  a  closed  or  shut 
sac,  without  any  communication  externally,  except  in  the 
female,  where  the  two  Fallopian  tubes  open  into  it. 
Through  these  openings  the  mucous  membrane  lining  the 
tubes  becomes  continuous  with  the  serous  membrane,  and 
a  communication  is  established  between  the  lumen  of  each 
tube  and  the  peritoneal  cavity.    That  surface  of  both  the 
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parietal  and  visceral  portion  of  the  peritoneum,  whicli  lies 
next  to  the  cavity,  is  free,  smooth,  covered  by  an  epithe- 
lium, and  lubricated  by  a  little  serous  fluid,  which  under 
some  pathological  conditions  may  be  greatly  increased  in 
quantity,  so  as  to  cause  abdominal  dropsy.  The  moisten- 
ing of  the  two  free  surfaces  by  the  serum  permits  them  to 
glide  smoothly  on  each  other,  during  the  movements  of  the 
viscera,  and  the  changes  which  take  place  in  their  size  and 
position.  The  opposite  surface  of  the  peritoneum  is 
attached — that  of  the  parietal  part  to  the  fasciae  situated 
internal  to  the  abdominal  muscles — that  of  the  visceral 
part  to  the  subjacent  coat  of  the  several  organs. 

The  attached  surface  of  the  parietal  part  is  connected  to 
the  abdominal  fasciae  by  areolar  tissue,  which  is  usually  so 
loose  as  to  permit  the  peritoneum  to  be  stripped  off  with 
out  difficulty.  In  some  localities,  as  the  region  of  the 
kidneys,  the  iliac  fossae  and  the  inguinal  regions,  fatty 
tissue,  often  in  considerable  quantities,  is  developed  ex- 
ternal to  the  peritoneum.  To  this  fat,  and  the  areolar 
tissue  in  which  it  lies,  the  name  of  sub-peritoneal  fat  and 
areolar  tissue  is  usually  applied,  but  the  name  exti'a-peri- 
toneal  would  more  appropriately  express  its  position.  It 
is  in  this  fat  and  areolar  tissue  that  the  extra-peritoneal 
vessels,  already  referred  to  (pp.  432,  525),  ramify. 

The  parietal  part  of  the  peritoneum  is  in  some  localities 
elevated  into  folds,  or  dimpled  into  fossae.  In  the  middle 
of  the  anterior  abdominal  wall,  is  a  longitudinal  fold  ex- 
tending from  the  fundus  of  the  bladder  to  the  navel,  and 
marking  the  position  of  the  obliterated  urachus.  On  each 
side  of,  and  somewhat  removed  from,  this  mesial  fold  is  a 
lateral  fold,  also  extending  towards  the  navel,  and  mark- 
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ing  the  position  of  the  obliterated  hypogastric  artery;  and 
outside  this  again  is  a  slight  fold  along  the  course  of  the 
deep  epigastric  artery.  Between  the  urachal  and  hypo- 
gastric folds  is  a  dimple-like  fossa:  between  the  hypo- 
gastric and  epigastric  folds  is  a  similar  depression.  Im- 
mediately external  to  the  epigastric  fold  is  a  depression 
corresponding  to  the  internal  or  deep  abdominal  ring — the 
entrance  to  the  inguinal  canal.  Immediately  below  the 
inner  end  of  Poupart's  ligament,  another  depression  may 
sometimes  be  seen,  which  marks  the  crural  ring,  or  entrance 
into  the  crural  canal.  The  inguinal  and  crural  fossas  are  of 
great  surgical  interest  in  relation  to  the  seats  of  inguinal 
and  femoral  hernias. 

In  the  posterior  abdominal  wall,  immediately  to  the  left 
of  the  junction  of  the  duodenum  and  jejunum,  and  on  a 
level  with  the  left  side  of  the  2ud  lumbar  vertebra,  a  pocket- 
like involution  of  the  peritoneum,  about  the  size  of  a  wal- 
nut, is  sometimes  seen.  The  entrance  to  this  pocket  is 
marked  by  a  crescentic  fold  of  the  peritoneum  continuous 
with  the  meso-colic  fold.  Coils  of  the  small  intestine  have 
been  known  to  become  incarcerated  in  this  pocket,  a  con- 
dition which  has  been  named  retro-peritoneal  hernia, 
though  the  name  intra-peritoneal,  as  suggested  by  J. 
Chiene,  would  be  more  appropriate.  A  pocket-like  invo- 
lution of  the  peritoneum  sometimes  exists  behind  and 
below  the  coecum;  and  another  in  the  peritoneal  fold  at 
the  junction  of  the  sigmoid  flexure  of  the  colon  with  the 
rectum,  both  of  which  may  become  the  seats  of  an  intra- 
peritoneal hernia. 

Special  names  are  applied  to  the  folds  or  duplicatures  of 
the  peritoneum,  which  pass  from  the  wall  of  the  abdomen 
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to  the  viscera.  In  the  case  of  the  liver,  spleen,  bladder, 
and  uterus,  these  folds  are  named  ligaments,  whilst  the 
corresponding  folds  which  pass  to  the  intestine  have 
received  the  name  of  mesenteries.  Folds  of  peritoneum 
also  pass  between  certain  of  the  viscera  themselves,  and 
these  are  called  omenta. 

To  understand  the  disposition  of  the  peritoneum  in 
relation  to  the  viscera,  it  will  be  necessary  to  foUow  it 
from  the  wall  to  the  different  viscera,  and  from  one  viscus 
to  another.    If  we  commence  with  the  roof  of  the  abdo- 
men, we  find  that  the  peritoneum  is  reflected  from  the 
under  surface  of  the  diaphragm  to  the  liver,  to  form  the 
suspensory,  coronary,  and  lateral  ligaments  of  that  organ ; 
also  from  the  diaphragm  to  the  spleen  as  its  suspensory 
ligament;  also  from  the  diaphragm  to  the  stomach  at  its 
junction  with  the  oesophagus  as  the  gastro-phrenic  ligament; 
also  from  the  diaphragm  to  the  splenic  flexure  of  the 
colon  as  the  phrenico-colic  ligament.    The  liver  is  invested 
by  the  peritoneum,  which  is  reflected  from  the  lips  of  its 
transverse  fissure  to  the  lesser  curvature  of  the  stomach,  as 
the  two  layers  of  the  gastro-hepatic  or  small  omentum.  The 
anterior  layer  of  this  omentum  is  prolonged  over  the 
anterior  surface  of  the  stomach,  and  the  posterior  layer 
over  its  posterior  surface,  as  far  as  the  greater  curvature. 
Both  layers  then  leave  the  stomach  and  form  the  descend- 
ing layers  of  the  great  omentum,  which  hangs  pendulous, 
like  an  apron,  in  front  of  the  coils  of  the  small  intestine, 
and  forms  a  free  border  below.    At  its  left  border  the 
great  omentum  becomes  continuous  with  the  gastro-splenic 
omentum,  and  at  its  right  border  it  reaches  the  hepatic 
flexure  and  upper  end  of  the  ascending  colon.    At  the 
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Fig.  182.— Diagram  of  Peritoneum  as  displayed  in  a  vertical  section  through  the 
abdominal  cavity  and  viscera  of  a  female  subject.  A,  liver ;  B,  stomach ;  C, 
transverse  colon;  D,  pancreas;  E,  duodenum;  F,  ileum;  G,  rectum;  H, 
uterus ;  K,  cervix  uteri ;  L,  posterior  lip  of  OS  uteri ;  M,  os  uteri ;  N,  vagina ; 
0,  Madder;  P,  urethra;  Q,  clitoris;  R,  diaphragm;  1,  small  omentum; 
2,  great  omentum;  3,  transverse  meso-colon;  4,  mesentery;  5  points  to 
foramen  of  Winslow ;  6  6,  lesser  cavity  of  peritoneum ;  6'  6'  6',  greater  cavity  of 
peritoneum;  7,  recto-vaginal  pouch;  8,  utero-vesical  pouch;  9,  parietal  layer 
of  peritoneum. 
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lower  free  border  of  the  great  omentum,  these. descending 
layers  bend  upwards  as  the  ascending  layers  of  the  great 
omentum,  and  in  their  ascent  meet  the  transverse  colon, 
when  the  two  ascending  layers  separate  from  each  other  in 
order  to  enclose  the  transverse  colon.  After  enclosing  it, 
they  again  come  together,  and  pass  backwards  to  the  spine  as 
the  transverse  meso-colon*  The  two  layers  of  the  transverse 
meso-colon  then  separate  from  each  other.  The  one 
ascends  in  front  of  the  pancreas  to  the  diaphragm,  where 
it  becomes  continuous  with  the  posterior  layer  of  the 
coronary  and  left  lateral  ligaments  of  the  liver.  The  other 
descends  as  the  anterior  layer  of  the  mesentery,  reaches  the 
coils  of  the  jejunum  and  ileum,  is  prolonged  around  the 
wall  of  the  gut,  and  then  ascends  to  the  spine,  as  the 
posterior  layer  of  the  mesentery.  The  line  of  attachment 
of  the  two  layers  of  the  mesentery  to  the  front  of  the  spine 
is  called  the  root  of  the  mesentery.  From  this  line  the 
peritoneum  spreads  out  laterally;  on  the  right  side  of  the 
abdomen  it  covers  the  anterior  and  lateral  surfaces  of  the 
ccecum  and  ascending  colon,  but  not  the  posterior  surface; 
on  the  left  side  of  the  abdomen  it  has  a  similar  relation  to 
the  descending  colon,  but  it  forms  a  complete  investment 
for  the  sigmoid  flexure  of  the  colon,  and  is  reflected  to 
the  left  iliac  fossa  as  the  sigmoid  meso-colon. 

From  the  root  of  the  mesenterj'  the  posterior  layer 

*  This  account  of  the  relation  of  the  omentum  to  the  transverse  colon 
and  meso-colon  is  in  conformity  with  the  arrangement  one  sees  in  the 
adult  body,  and  accords  with  the  description  usually  found  in  the  text 
books.  But  it  should  be  stated,  that  observations  have  been  made  by 
various  anatomists  which  prove  that,  in  the  foetus,  the  transverse  meso- 
colon is  a  fold  of  the  peritoneum  quite  distinct  from  the  asceudins 
layers  of  the  great  omentum,  and  that  the  arrangement  seen  in  the 
adult  is  due  to  a  secondary  fusion  of  these  peritoneal  folds  mth  each 
other. 
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descends  in  front  of  tlie  aorta  and  lumbar  spine  into  the 
pelvis,  where  it  invests  the  upper  end  of  the  rectum  and 
forms  the  meso-rechm.  It  only  partially  covers  the  second 
part  of  the  rectum,  and  is  reflected  from  it  to  the  base  and 
sides  of  the  bladder  to  form  the  posterior  false  ligaments  of 
the  bladder.  Between  the  bladder  and  the  rectum  the  peri- 
toneum forms  a  well-defined  pouch,  the  recto-vesical  pouch. 
In  the  female  the  uterus  and  vagina  being  interposed 
between  the  rectum  and  bladder,  the  disposition  of  the 
pelvic  part  of  the  peritoneum  is  modified  as  follows  : — 
The  membrane  passes  from  the  rectum  to  the  upper  end  of 
the  back  of  the  vagina,  and  is  then  prolonged  over  the  pos- 
terior surface  of  the  uterus,  the  fundus  uteri,  and  Fallopian 
tubes,  and  over  about  the  upper  two-thirds  of  the  anterior 
surface  of  the  uterus.  From  the  sides  of  the  uterus  it  is 
reflected  to  the  sides  of  the  pelvic  cavity  as  the  broad 
ligaments  of  the  uterus,  and  from  the  front  of  the  uterus 
to  the  back  of  the  bladder.  In  both  sexes  the  bladder  has 
no  peritoneal  covering  on  its  anterior  wall,  for  the  mem- 
brane is  reflected  from  its  sides  to  the  pelvic  wall,  as  the 
lateral  false  ligaments,  and  from  its  fundus  along  the  line 
of  the  urachus  to  the  anterior  abdominal  wall,  as  the 
superior  false  ligament. 

The  spleen  is  invested  by  the  peritoneum,  which  is 
reflected  from  its  hilus  to  the  stomach,  as  the  two  layers 
of  the  gasiro-splenic  omentum,  which  again  becomes  con 
tinuous  with  the  great  omentum.  The  vessels  and  nerves 
which  pass  to  the  spleen  lie  between  the  two  layers  of  the 
gastro-splenic  omentum;  those  which  go  to  the  stomach 
between  the  two  layers  of  the  gastro-hepatic  omentum,  also 
between  the  two  descending  layers  of  the  great  omentum; 
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those  .which  go  to  the  liver  between  the  two  layers  of  the 
gastro-hepatic  omentum.  The  vessels  and  nerves  of  the 
jejunum  and  ileum  are  between  the  anterior  and  posterior 
layers  of  the  mesentery,  and  those  of  the  transverse  colon, 
sigmoid  flexure,  and  rectum,  between  their  respective 
mesenteric  folds.  Between  the  layers  of  the  omenta,  and 
those  of  the  mesenteric  folds,  fatty  tissue  is  developed, 
often  in  considerable  abundance. 

The  general  cavity  of  the  peritoneum  consists  of  two 
compartments,  which  communicate  with  each  other  through 
a  constricted  passage,  tJie  so-called  joramen  of  Window. 
The  larger  of  these  compartments,  or  greater  cavity  of 
the  peritoneum,  is  opened,  when  the  anterior  abdominal 
wall,  and  the  parietal  layer  of  peritoneum,  which  lines  it, 
are  cut  through.  It  extends  from  the  diaphragm  above  to 
the  pelvis  below,  is  in  front  of  the  stomach,  great  omentum, 
and  intestine,  and  is  the  best  known  of  the  peritoneal 
compartments.  The  smaller  compartment  or  lesser  cavity 
of  tlie  peritoneum,  lies  behind  the  gastro-hepatic  omentum 
and  the  stomach,  and  is  prolonged  downwards  between  the 
descending  and  the  ascending  layers  of  the  great  omentum 
as  the  sac  of  the  omentum.  Its  posterior  boundary  is  formed 
by  the  layer  of  peritoneum,  which  aocends  in  front  of  the 
pancreas  to  the  diaphragm,  to  become  continuous  with  the 
posterior  layer  of  the  coronary  and  the  left  lateral  ligaments 
of  the  liver.  It  is  closed  in  below  by  the  omentum,  trans- 
verse colon,  and  transverse  meso-colon,  and  above  by  the 
liver,  diaphragm,  and  coronary  ligament.  It  is  walled  in 
on  the  left  by  the  spleen  and  gastro-splenic  omentum, 
whilst  on  the  right  it  communicatss  with  the  greater 
cavity  of  the  peritoneum  through  the  foramen  of  Winslow. 
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This  so-called  foramen  is  not  a  hole,  or  break  in  the  conti- 
nuity of  the  peritoneal  membrane,  but  a  constricted  passage, 
situated  behind  the  right  free  border  of  the  small  omentum, 
where  the  portal  vein,  hepatic  artery,  and  bile  duct  are 
ascending  to  the  transverse  fissure  of  the  liver.  The  passage 


Fig.  183. — Diagram  of  a  transverse  section  through  the  Ahdomen  and  Peritoneum 
in  the  region  of  tlie  lesser  cavity  of  the  peritoneum  and  of  the  Foramen  of 
Winslow.  J,  stomach ;  sp,  spleen.  The  stomach  and  spleen  are  attiiched 
together  hy  the  gastro-splenic  omentum,  sr,  sr,  supra-renal  capsules;  d,  dia- 
phragm ;  o,  aorta;  i,  inferior  vena  cava;  o,  small  omentum,  with  the  portal 
vein,  hepatic  artery,  and  bile  duct,  transversely  divided ;  p,  lesser  cavity  of 
peritoneum;  P,  the  greater  cavity  of  peritoneum,  the  letter  being  placed  in 
the  position  of  the  liver.   The  arrovt'  is  placed  in  the  foramen  of  Winslow. 

is  bounded  posteriorly  by  the  peritoneal  membrane  covering 
the  inferior  vena  cava ;  above  it  is  bounded  by  the  Spigelian 
lobe  of  the  liver,  and  below  by  the  duodenum.  Through  it 
not  only  does  the  greater  cavity  of  the  peritoneum  com 
municate  with  the  lesser,  but  the  membrane  lining  the 
greater  is  continuous  with  that  of  the  lesser  cavity.  The 
foramen  is  suflBciently  large  to  admit  of  the  passage  of  two 
fingers,  and  through  their  agency  the  extent  of  the  lesser 
cavity  may  be  examined.  But  a  fuller  view  of  this  cavity 
may  be  obtained  by  detaching  the  great  omentum  from 
the  greater  curvature  of  the  stomach  and  then  drawing 
the  stomach  forwards.    The  prolongation  of  the  lesser 
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cavity,  as  the  sac  of  the  omentum,  between  the  ascending 
and  the  descending  layers  of  the  great  omentum,  is  seen 
most  readily  in  young  persons  ;  for  in  adults  it  is  not  un- 
common to  find  these  layers  fused  together,  or  even 
riddled  with  numerous  holes. 

The  parietal  layer  of  the  peritoneum  is  supplied  with 
blood  by  the  extra-peritoneal  arterial  plexus  already  de- 
scribed (p.  433).  The  visceral  layer  is  supplied  by 
branches  of  the  arteries,  which  pass  to  the  viscera  that  it 
invests.  Lymphatic  vessels  form  networks  in  the  sub- 
endothelial  layer  of  connective  tissue,  and  communicate 
through  microscopic  stomata  with  the  peritoneal  cavity. 
Nerves  pass  to  the  diaphragmatic  peritoneum  from  the 
phrenic  nerve,  to  the  parietal  peritoneum  of  the  lumbar 
regions  from  the  lower  intercostals,  and  to  the  pelvic  peri- 
toneum from  some  of  the  sacral  nerves.  Twigs  from  the 
sympathetic  plexus  apparently  pass  to  the  visceral  peri- 
toneum. 
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The  stomacli  is  the  bag-like  dilatation  of  the  alimentary 
canal,  connecting  the  oesophagus  with  the  duodenum,  in 
which  the  food  is  mingled  with  the  gastric  juice,  and  con- 
verted into  a  pulpy  substance — the  chyme.  The  stomach 
is  situated  in  the  costal  zone  of  the  abdominal  cavity;  three- 
fourths  of  its  volume,  according  to  Luschka,  being  con- 
tained in  the  left  hypochondrium,  whilst  the  remaining 
fourth  extends  into  the  epigastrium.  About  five-sixths  of 
the  organ  lies  to  the  left  of  the  mesial  plane,  and  one- 
sixth  to  the  right.  The  stomach  varies  in  size,  shape,  and 
somewhat  in  position,  according  as  it  is  empty  or  full  of 
food.  When  moderately  full  it  is  about  one  foot  in  length, 
whilst  its  greatest  transverse  diameter  is  four  to  five  inches. 
Its  general  shape  is  pyriform,  and  it  may  be  described  as 
possessing  two  extremities,  two  surfaces,  and  two  borders. 
The  larger  extremity,  called  the  fundus,  cardiac  eodremity, 
or  great  cul-de-sac,  is  directed  upwards  so  as  to  be  in  con- 
tact with  the  under  surface  of  the  diaphragm,  whilst  the 
smaller  end,  pyloric  or  duodenal  extremity,  is  directed 
downwards,  curves  to  the  right,  and  becomes  continuous 
with  the  duodenum.  The  surfaces  form  the  anterior  and 
posterior  walls  of  the  stomach.  When  the  organ  is  empty, 
the  walls  are  flattened,  and  in  apposition  with  each 
other  by  their  inner  surfaces ;  but  when  it  is  distended 
they  are  curved ;  the  anterior  convex  surface,  directed 
forwards  and  upwards,  is  in  relation  with  the  anterior 
abdominal  wall,  the  diaphragm,  and  the  under  surface 
of  the  liver;  the  posterior  surface,  also  convex,  directed 
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backwards  and  downwards,  is  in  relation  with  the 
diaphragm,  pancreas,  transverse  part  of  the  duodenum, 


u 

Fig  1S4  •-  The  Lungs  and  their  relations  to  the  Diaphragm,  Lii  er,  and  Stomach, 
li  to  X  second  to  tenth  ribs;  DD,  diuphragm ;  RL,  right,  and  LL,  left 
lung-  p' pericardium;  S,S,  stomach;  F  is  placed  supei-flcial  to  its  fundus;  P, 
its  pylorus;  C  is  over  the  cardiac  orifice ;  L,L,  the  liver;  G,  eall  bladder;  AC, 
ascending,  TC,  transverse,  and  DC,  descending  colon;  U,  umbUicus;  M,  right 
nipple.  Modified  from  Lusclika. 

spleen,  left  kidney,  and  supra-renal  capsule.  The  bor- 
ders of  the  stomach  are  curved  and  unequal  in  size;  one 
is  convex,  about  three  times  as  long  as  the  other,  and 
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is  named  the  greater  curvature;  the  other  is  concave,  and 
forms  the  lesser  curvature.    The  curvatures  are  so  arranged 
that  the  greater  has  its  convexity  directed  downwards  and 
to  the  left,  where  it  lies  in  relation  to  the  transverse  colou 
and  the  splenic  flexure  of  the  colon.    The  lesser  curvature 
has  its  concavity  directed  upwards  and  to  the  right;  for 
the  most  part  it  is  to  the  left  side  of  the  spinal  column 
with  which  it  is  almost  parallel;  it  lies  in  relation  to 
the  coeliac  axis.    The  oesophagus  opens  into  the  stomach 
at  the  upper  end  of  the  lesser  curvature,  and  the  cardiac 
orifice  lies  behind  and  opposite  to  the  sternal  fourth  of  the 
seventh  left  costal  cartilage.     Above  this  orifice  the 
stomach  expands  into  the  fundus,  which  is  situated  in  • 
the  highest  part  of  the  left  hypochondrium,  and  occupies 
therefore  the  summit  of  the  vault  of  the  left  half  of  the 
diaphragm.    At  the  lower  and  right  end  the  two  curva- 
tures lie  almost  horizontally  in  the  epigastrium  and  ter- 
minate at  the  pylorus,  where  the  stomach  becomes  continu- 
ous with  the  duodenum.    The  pylorus,  or  gate  of  the 
stomach,  is  situated  in  the  epigastrium  about  three  fingers' 
breadth  below  the  ensiform  cartilage,  and  immediately  to 
the  right  of  the  mesial  plane.    The  junction  of  the  stomach 
with  the  duodenum  is  marked  by  a  circular  constriction 
externally,  called  the  pyloric  constriction,  and  by  a  valve 
internally,  the  pyloric  valve.      At  its  pyloric  end  the 
stomach  presents  a  small  bulging,  the  lesser  cul-de-sac,  or 
antrum  pylori.  Occasi  onally  another  constriction  surrounds 
the  stomach  between  its  pyloric  and  oesophageal  portions, 
so  as  to  give  it  the  appearance  of  an  hour-glass,  and 
imperfectly  to  separate  it  into  two  chambers. 

The  stomach  does  not,  as  has  often  been  stated,  lie 
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transversely  across  the  abdominal  cavity,  but,  as  has  been 
clearly ,  pointed  out  by  Luschka,  is  for  the  most  part 
placed  vertically  in  the  left  hypochondrium,  so  that  the 
fundus  is  the  uppermost  part  of  the  organ;  whilst  the 
pylorus,  which  curves  to  the  right  into  the  epigastrium, 
forms  its  lower  extremity.    Owing  to  the  vertical  direction 
of  the  stomach  in  the  left  hypochondrium,  the  5th,  6th, 
7th,  8  th,  and  9  th  ribs,   separated   of  course  by  the 
diaphragm,  arch  in  front  of  it,  for  a  greater  or  less  dis- 
tance; and  its  fundus,  the  diaphragm  intervening,  is  in 
relation  to  the  base  of  the  left  lung,  the  heart,  and  peri- 
cardium.   When  greatly  distended  the  stomach  acquires 
more  extensive  relations.    It  may  push  the  transverse  colon 
to  one  side,  and  may  reach  into  the  umbilical,  left  lumbar, 
or  even  the  left  iliac  region.    Its  fundus  also  may  press 
upwards  the  left  half  of  the  diaphragm,  interfere  with  the 
descent  of  that  muscle  during  deep  inspiration,  and  affect 
the  position  and  action  of  the  heart.  In  the  distended  condi- 
tion the  greater  curvature  of  the  stomach  is  thrown  forward, 
so  as  to  lie  in  relation  to  the  anterior  abdominal  wall. 

The  stomach  is  retained  in  position,  partly  by  its  con- 
nections with  the  oesophagus  and  duodenum,  partly  by  the 
pressure  of  the  surrounding  abdominal  walls  and  viscera, 
and  partly  by  folds  of  peritoneum  which  pass  from  it  to 
the  adjacent  structures.  These  folds  are  as  follows: — 
The  gastro-phrenic  ligament  extends  from  the  diaphragm 
to  the  stomach  in  the  angle  between  the  oesophagus  and 
the  cardiac  extremity :  the  gastro-hepatic,  or  small  omentum, 
passes  from  the  lesser  curvature  of  the  stomach  to  the  lips 
of  the  transverse  fissure  of  the  liver  ;  the  gastro  splenic 
omentum  from  the  cardiac  end  of  the  stomach  to  the 
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spleeQ  :  the  gastro-colic,  or  great  omentum,  descends  from 
the  greater  curvature  of  the  stomach  in  front  of  the  coils 
of  the  small  intestine,  and  then  ascends  to  enclose  the 
transverse  colon. 

Structure  of  the  Stomach. 
The  wall  of  the  stomach  consists  of  four  coats,  named 
from  without  inwards,  serous,  muscular,  sub-mucous^  and 
mucous  coats. 

The  external  or  serous  coat  is  that  part  of  the  peritoneal 
membrane  which  encloses  the  stomach ;  one  layer  covering 
the  anterior,  the  other  the  posterior  surface.  It  leaves  the 
stomach  at  the  curvatures,  where  it  forms  the  great  and  v 
small  omenta,  and  along  these  borders  the  two  layers 
enclose  between  them  the  blood-vessels  and  nerves  which 
supply  the  organ.  The  serous  coat  is  loosely  united  to  the 
subjacent  muscular  coat  by  areolar  tissue,  which  is  some- 
times called  the  subserous  coat. 

The  muscular  coat  consists  of  non-striped  fibres  arranged 
in  three  layers  from  without  inwards.  The  outer  layer 
consists  of  longitudinal  fasciculi,  which  are  continuous 
with  the  external  longitudinal  layer  of  the  oesophagus. 
They  form  scattered  fasciculi  extending  longitudinally  over 
the  surface  of  the  stomach  from  cardia  to  pylorus,  but 
along  the  two  curvatures,  more  especially  the  lesser,  they 
are  collected  into  stronger  bundles,  and  at  the  pylorus 
become  continuous  with  the  longitudinal  fibres  of  the 
duodenum.  The  middle  layer  consists  of  circular  fasciculi, 
which  form  a  ring-like  arrangement  transversely  to  the 
long  axis  of  the  stomach.  These  fasciculi  are  comparatively 
thin  and  scattered  at  the  cardiac  end,  but  as  they  approach 
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the  pylorus,  they  become  more  closely  aggregated,  so  as  to 
form  a  thick  layer,  which  at  the  pylorus  extends  into  the 
pyloric  valve,  and  forms  the  sphincter  pylori  muscle.  The 
circular  fibres  of  the  stomach  are  in  the  same  morphological 
plane  as  the  circular  fibres  of  the  cesophagus  and  duode- 
num. The  inner  layer  consists  of  oblique  fasciculi,  which 
are  not  found  over  the  entire  organ  ;  the  greater  number 
spring  from  the  left  side  of  the  cardiac  orifice,  and  radiate 
on  the  anterior  and  posterior  surfaces  towards  the  pylorus 
and  greater  curvature,  Henle  and  Pettigrew  have  described 
a  group  of  short  oblique  fasciculi  as  spreading  from  the 
right  side  of  the  cardiac  orifice  over  the  anterior  and  pos- 
terior  surfaces  of  the  fundus,  and  the  latter  author  has 
described  oblique  fibres  investing  the  pylorus  ;  Pettigrew 
indeed  considers  that  the  circular  layer  consists  of  very 
oblique  fibres  intersecting  each  other  in  figure  of  eight 
loops.  These  oblique  fibres  by  their  contraction  approxi- 
mate the  cardia  to  the  pylorus,  the  great  curvature  to  the 
smaller,  and  the  anterior  to  the  posterior  wall  :  they  are 
thus  the  true  grinding  muscles  of  the  stomach,  and  have 
been  compared  to  the  muscular  gizzard  of  the  bird.  From 
the  relation  of  the  two  groups  of  oblique  fibres  to  the 
cardiac  orifice  they  probably  close  that  opening  during 
gastric  digestion.  The  longitudinal  and  circular  fibres 
occasion  a  longitudinal  shortening  and  transverse  con- 
striction of  the  stomach.  By  the  action  of  the  muscular 
coat  the  food  is  churned  about  in  the  stomach,  so  as  to 
become  thoroughly  intermingled  with  the  gastric  juice. 
The  contraction  of  the  sphincter  pylori  closes  the  pyloric 
orifice,  and  prevents  the  passage  of  the  food  into  the 
duodenum,  before  it  is  converted  into  chyme. 
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The  subrmtcotis  coat  lies  immediately  subjacent  to  the 
oblique  layer  of  the  muscular  coat,  and  forms  the  bond 
of  union  between  that  coat  and  the  mucous  membrane. 
It  consists  of  the  areolar  variety  of  connective  tissue, 
mingled  with  elastic  fibres,  and  in  it  the  blood-vessels 
ramify  before  they  pass  into  the  mucous  membrane. 

The  mucous  or  internal  coat  lines  the  cavity  of  the 
stomach,  and  is  continuous  with  the  mucous  membrane  of 
the  oesophagus  and  duodenum.    It  is  a  soft,  pulpy  mem- 


Fio.  185.— Tlie  mucous  coat  of  the  Stomach  and  Duodenum,  showing  the  ruRse  of 
the  stomach  and  tlie  valvulte  conniventes  of  the  duodenum,  a.  oesophagus ;  c, 
cardiac  end  of  stomach ;  d,  pyloric  valve ;  e,  ascending,  /  descending,  and  g, 
transverse  parts  of  duodenum ;  h,  biliaiy  and  pancreatic  ducts. 

brane,  of  a  pink  colour,  which  becomes  redder  during 
digestion,  owing  to  turgescence  of  the  blood-vessels.  At 
the  pyloric  end  it  is  often  stained  yellow  or  green  with 
bile,  and  in  old  people  it  has  a  brown  colour,  from  forma- 
tion of  pigment.    In  the  empty  stomach  it  is  thrown  into 
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folds  or  rugm,  which  have  usually  a  longitudinal  direction, 
but  when  distended  the  rugas  are  obliterated,  and  the 
surface  of  the  mucous  membrane  is  smooth.  This  mem- 
brane is  usually  said  to  be  thicker  at  the  pyloric  end  than 
in  the  fundus ;  but  Brinton,  who  had  opportunities  of  exa- 
mining the  stomach  of  healthy  young  adults  immediately 
after  death,  found  the  cardiac  mucous  membrane  to  be 
more  than  twice  as  thick  as  the  pyloric  :  he  ascribes  the 
thinning  of  the  cardiac  mucous  membrane  to  the  effects  of 
post-mortem  digestion,  owing  to  the  gravitation  of  the 
gastric  juice,  in  the  recumbent  position  of  the  dead  body, 
into  the  fundus  of  the  stomach. 

If  the  free  surface  of  the  gastric  mucous  membrane  be 
examined  with  a  pocket  lens  it  will  be  seen  to  be  pitted 
with  shallow  depressions  or  alveoli,  polygonal  in  form,  and 
varying  from  i-^th  to  inch  in  diameter.    In  the 

sides  and  bottom  of  each  of  these  pits  numerous  rounded 
orifices  may  be  seen,  which  are  the  mouths  of  the  gastric 
secreting  glands.  If  vertical  sections  be  now  made 
through  the  mucous  membrane,  these  glands  will  be  seen 
to  be  tubular  in  form.  They  are  closely  crowded  together, 
and  extend  through  the  thickness  of  the  mucosa ;  their 
deeper  closed  extremity  being  in  relation  to  the  submucous 
coat,  whilst  the  open  mouth  of  the  gland  is  at  the  surface 
of  the  mucous  membrane. 

In  the  human  stomach  the  tubular  glands  are,  for  the 
most  part,  simple,  almost  straight  cylinders,  and  possess 
an  average  length  of  ^th  inch,  and  a  breadth  of  about 
-g^ J-gth  inch.  They  are  somewhat  dilated  at  their  orifices, 
and  at  their  closed  ends  give  rise  to  ccecal  pouches.  The 
wall  of  the  tubes  consists  of  a  condensation  of  the  inter- 


STOMACH. 


693 


glaudulai-  counective  tissue,  wlaicli  forms  a  membraua 
propria ;  flat  steUate  cells  are  said  to  occur  in  it.  For 
about  the  upper  fourth  or  fifth  of  their  length  the  tubes 
are  lined  by  a  single  layer  of  columnar  epithelium,  con- 
tinuous with  the  columnar  epithelium  covering  the  free 
surface  of  the  gastric  mucous 
membrane.  In  these  columnar 
cells  the  nucleus  is  situated 
close  to  the  attached  end  of  the 
cell.  In  the  rest  of  the  gland- 
tube  Brinton  found  two  kinds  of 
cells.  The  one  consisted  of  the 
so-called  peptic  cells,  about 
y^L_th  inch  in  diameter,  and  of 
an  ovoid  or  somewhat  polygonal 
form,  which  lay  next  to  the  wall 
of  the  gland.  The  other  kind, 
somewhat  cubical  in  form,  lined 
the  very  narrow  central  canal  of 
the  gland,  and  formed  an  axial  ''"^^ 
layer,  which  was  continuous  above 
with  the  columnar  epithelium  lin- 
ing the  upper  end  of  the  tube. 
Brinton  stated  that  this  dimor- 
phous structure  of  the  gastric  glands  exists  throughout 
the  vertebrata. 

It  is  in  the  dog  and  cat,  however,  that  the  structure  of 
the  gastric  mucous  membrane  has  especially  been  studied, 
and  two  kinds  of  glands  have  been  described.  The  one, 
situated  especially  in  the  region  of  the  pylorus,  consists 
for  the  most  part  of  simple  tubes,  which  may  however 


186.  —  Upper  part  of  a 
gastric  gland  from  the  middle 
of  the  human  Stomach.  c, 
columnar  epithelium  ;  a,  axial 
cells  ;  p,  peptic  cells.  X  200. 
More  highly  magnified  views  of 
these  cells  when  isolated  are  also 
given.   From  Brinton. 
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branch  at  their  deeper  end :  they  have  been  called  the 
mucous  glands.  They  are  lined  by  a  columnar  epithelium, 
the  cells  of  which  at  the  deeper .  end  of  the  gland  are 
more  cubical  in  form,  and  have  a  clouded  granular  appear- 
ance. The  other  kind  of  gland  is  situated  in  the  remain- 
ing part  of  the  gastric  mucous  membrane,  and  consists  of 
tubes  which  divide  usually  into  four  branches  ;  they  have 
been  named  the  peptic  glands.    The  cellular  lining  of 

these  peptic  glands  closely  corre- 
sponds with  the  dimorphous 
arrangement  in  the  human  stomach 
already  referred  to.  The  two 
forms  of  cells  in  the  deeper 
branched  part  of  the  gland  were 
first  observed  by  KoUiker  in  the 
dog,  and  have  since  been  specially 
studied  by  Heidenhain,  Kollett,  and 
Frey.  According  to  the  last  two 
observers,  the  axial  layer  of  cells 
is  absent  in  a  certain  extent  of  the 
gland  tube,  below  the  place 
where   the   columnar  epithelium 

Fig.    187.  —  Vertical   section  n     ,i  n   i        t  • 

tiiroufrh  tiie  Gastric  mucous  ceases,   and    the   cellular  lining 

membrane  of  a  cat,  to  sliow  .  i        /•  .  ■ 

thetubuiarpepticg  lands,  c,  consists  merely  01  a  continuous 

columnar  epitlielium  near  the  c    .        ,  •  n  t 

gland  mouth;  ft  peptic  cells;  layer    01     pcptlC    CClIS.        Ill  tlie 

wi,  interglandular    muscular  e     ^        t      t  • 

hand :  v,  vessels  surrounding  deeper  part  of  the  gland  again, 

tubular  gland,    mm,  muscu-  ^  ■    ^        r       ^^  n-  • 

larismucosR;  sm,  submucous  both  kinds  of  Cells  OCCUr.  Hei- 
coat. 

denhain  states  that  in  a  fasting 
dog  the  glands  are  shrunken,  and  the  axial  cells  are 
transparent,  whilst  during  digestion  the  peptic  glands  are 
swollen  out  and  the  cells  are  clouded  and  granular. 
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The  gastric  glands  are  separated  from  eact  other  by 
slender  prolongations  of  the  muscularis  mucosae,  and  by 
the  vascular  iuterglandular  connective  tissue,  which  is 
soft,  delicate,  and  contains  a  small  proportion  of  lymphoid 
corpuscles  diffused  in  it.  In  some  localities  the  lym- 
phoid tissue  may  be  collected  into  solitary  follicles,  form- 
ing the  lenticular  glands  of  the  stomach.  Beneath  the 
glands  is  a  well  defined  muscularis  mucosae,  arranged  in 
two  layers,  which  gives  off  bundles  that  pass  between  the 
gastric  glands. 

The  gastric  mucous  membrane  is  highly  vascular :  small 
arteries  enter  it  from  the  submucous  coat,  and  terminate 
in  a  capillary  plexus,  situated  in  the  iuterglandular  con- 
nective tissue  surrounding  the  gastric  glands  ;  a  vascular 
capillary  ring  surrounds  the  orifice  of  each  gland. 

The  pyloric  valve  is  the  name  given  to  the  circular  fold, 
situated  at  the  junction  of  the  stomach  and  duodenum, 
which  surrounds  the  pyloric  orifice.  This  fold  is  covered 
on  its  free  surface  by  mucous  membrane,  which  encloses 
the  submucous  coat  and  the  circular  layer  of  the  muscular 
coat,  but  not  the  longitudinal  layer,  or  the  serous  coat. 
That  portion  of  the  mucous  membrane  which  covers  the 
gastric  surface  of  the  valve  possesses  the  structure  of  the 
mucous  membrane  of  the  stomach ;  whUst  that  which 
covers  the  duodenal  surface  is  studded  with  villi,  and 
possesses  the  structure  of  the  intestinal  mucous  mem- 
brane. 

The  arteries  of  the  stomach  are  the  coronary  branch  of 
the  cceliac  axis,  and  branches  of  the  hepatic  and  splenic 
arteries.  They  form,  as  already  described  (p.  427), 
arterial  arches  along  the  greater  and  lesser  curvatures,  and 
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anastomosing  arrangements  in  the  anterior  and  posterior 
walls  of  the  stomach.  The  veins  of  the  stomach  are  root- 
lets of  the  portal  vein.  The  lymphatics  are  numerous, 
and  form  a  superficial  and  a  deep  set.  The  superficial 
run  along  the  curvatures.  The  deep  lymphatics  arise  in 
the  gastric  mucous  membrane,  where  they  form  a  network 
between  the  glands  :  they  pierce  the  submucous  and  mus- 
cular coats,  and  join  the  superficial  lymphatics.  The 
nerves  of  the  stomach  are  derived  from  the  epigastric 
plexus  of  the  sympathetic  and  from  the  pneumogastric 
nerves.  The  right  vagus  ends  in  the  posterior  wall  of 
the  stomach,  the  left  in  the  anterior  wall.  Nerve  cells 
are  met  with  in  relation  to  the  nerves  both  in  the  muscular 
and  submucous  coats. 

INTESTINAL  CANAL. 

The  Intestinal  Canal,  Intestine,  Gut,  or  Bowel,  is  situ- 
ated in  the  abdominal  cavity,  and  extends  from  the 
pyloric  opening,  or  gate,  of  the  stomach  to  the  orifice  of 
the  anus,  where  it  opens  on  the  surface  of  the  body  in 
the  region  of  the  perineum.  In  it  the  chyme  becomes 
mingled  with  the  bile,  the  pancreatic  fluid,  and  the  secre- 
tions of  the  intestinal  glands,  and  is  converted  into  chyle. 
In  it  also  the  absorption  of  the  chyle  takes  place,  and  the 
insoluble  part  of  the  food  is  passed  onwards  to  be  excreted 
in  the  form  of  faeces.  The  intestine  is  the  longest  divi- 
sion of  the  alimentary  canal,  and  measures  on  an  average 
about  twenty-five  feet.  It  is  primarily  divided  into  two 
parts,  called  small  intestine  and  large  intestine;  the 
length  of  the  small  is  about  twenty  feet,  that  of  the 
large  about  five  feet. 
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The  SMALL  INTESTINE  is  the  upper  of  the  two  divi- 
sions of  the  canal,  and  consists  of  a  convoluted,  almost  cylin- 
drical tube,  which  reaches  from  the  pylorus  to  the  coecum, 
or  commencement  of  the  large  intestine.     It  is  sub- 


FiG.  194.— Diagram  of  the  abdominal  part  of  tlie  Alimentaiy  Canal.  S,  stomach  ; 
D,  duodenum;  J,  jejunum  ;  I,  ileum  ;  AV,  appendix  vcrmifomiis;  AC,  ascend- 
ing colon  ;  HF,  hepatic  flexure ;  TC,  transverse  colon  ;  SF,  splenic  flexure ; 
DC,  descending  colon ;  SG,  sigmoid  flexure ;  R,  rectum ;  G,  gall  bladder ;  H, 
hepatic  duct ;  DC,  common  bile  duct ;  P,  pancreatic  duct. 
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divided  into  three  portions,  named  duodenum,  jejunum, 
and  ileum. 

The  Duodenum  is  the  commencement  of  the  small  in- 
testine, and  has  received  its  name  from  its  length  being 
regarded  as  about  equal  to  the  breadth  of  twelve  fingers. 
It  forms  the  shortest  and  widest  of  the  three  sub-divisions 
of  the  small  bowel ;  it  curves,  in  the  form  of  a  horse-shoe, 
from  the  pylorus  to  opposite  the  left  side  of  the  body  of 
the  second  lumbar  vertebra,  where  it  becomes  continuous 
with  the  jejunum.  It  is  customary  to  regard  it  as  consist- 
ing of  three  parts,  an  ascending,  a  descending,  and  atrans'.- 
verse.  The  ascending  part  runs  from  before  backward 
slightly  upwards  and  to  the  right,  from  the  epigastrium 
into  the  right  hypochondrium,  where  it  comes  in  contact 
with  the  under  surface  of  the  liver  and  gaU  bladder,  and 
is  usually  stained  green  by  the  bile.  The  descending  part 
passes  downwards  into  the  right  lumbar  region,  as  far 
as  the  second  or  third  vertebra.  •  It  lies  between  the 
pancreas  and  right  kidney,  goes  behind  the  transverse 
colon  and  the  meso- colon ;  and  the  common  bile  duct, 
running  down  behind  its  left  border,  perforates  its  wall 
along  with  the  pancreatic  duct. 

The  transverse  part  extends  into  the  umbilical  region, 
lies  behind  the  stomach  and  transverse  colon,  and  becomes 
continuous  with  the  jejunum  at  the  line  where  the  small 
intestine  is  crossed  by  the  superior  mesenteric  artery. 
The  head  of  the  pancreas  lies  in  the  concavity  of  the 
horse-shoe  curve  of  the  duodenum. 

The  duodenum  is  that  part  of  the  smaU  intestine  which 
is  most  fixed  in  its  position.  Its  ascending  part  is  con- 
nected to  the  liver  by  a  fold  of  peritoneum,  sometimes 
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caUed  the  hepatico-diiodenal  ligament,  and  its  descending 
and  transverse  parts  are  attached  to  the  right  kidney  and 
posterior  waU  of  the  abdomen  by  connective  tissue.  But 
in  addition  a  suspensory  muscle,  composed  of  non-striped 
fibres,  has  been  described  by  Treitz  as  extending  from  the 
region  of  the  coeliac  axis  and  superior  mesenteric  artery  to 
the  transverse  part  of  the  duodenum. 

The  duodenum  is  distinguished  from  the  rest  of  the 
smaU  intestine  by  having  the  ducts  of  the  liver  and 
pancreas  opening  into  its  canal,  by  containing  in  its  wall 
a  collection  of  compound  racemose  glands,  named  the 
glands  of  Brunner,  and  by  being  developed  from  the  primi- 
tive fore-gut,  and  not,  like  the  jejunum  and  ileum,  from  the 
primitive  middle  gut  (p.  774).  Like  the  stomach,  it 
should  be  regarded  as  a  distinct  segment  of  the  alimentary 
canal. 

The  Jejunum  and  Ileum  form  by  far  the  longest  part 
of  the  small  intestine,  and  are  not  separated  from  each 
other  by  any  sharp  line  of  demarcation  :  the  upper  two-fifths 
being  called  jejunum,  on  account  of  its  being  usually  empty 
after  death,  the  lower  three-fifths  being  termed  ileum, 
from  its  convoluted  arrangement.  They  occupy  the  um- 
bilical, hypogastric,  right  and  left  iliac  regions  of  the 
abdomen,  in  which  they  are  arranged  in  a  series  of  coUs 
or  convolutions  ;  one  or  two  coUs  of  the  ileum  sometimes 
lie  in  the  cavity  of  the  pelvis,  between  the  bladder  and 
rectum.  The  coils  are  attached  to  the  posterior  wall  of 
the  abdomen,  along  a  line  from  the  body  of  the  first 
lumbar  vertebra  to  the  right  sacro-iliac  joint,  by  the  fold 
of  peritoneum  called  the  mesentery.  Owing  to  the  extent 
of  the  mesentery,  the  coils  of  the  jejunum  and  ileum  can 
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be  freely  moved  about  in  the  abdominal  cavity,  so  that  they 
are  apt  to  be  displaced  from  their  natural  position,  and, 
when  a  rupture  occurs,  to  become  the  most  usual  contents 
of  the  hernial  sac.  The  lower  end  of  the  ileum  passes 
into  the  right  iliac  fossa,  where  it  becomes  continuous  with 
the  large  intestine,  at  the  junction  of  the  caecum  and 
ascending  colon.  Though  the  line  of  demarcation  between 
jejunum  and  ileum  is  an  arbitrary  one,  yet  the  upper  end 
of  the  jejunum  may  be  distinguished  from  the  lower  end 
of  the  ileum  by  being  wider,  and  having  a  thicker  mucous 
membrane,  in  which  the  folds  called  valvulce  conniventes 
are  larger  and  more  numerous. 

There  is  occasionally  found  projecting  from  the  lower 
third  of  the  ileum  a  short  prolongation  of  that  tube,  which 
forms  an  elongated  hollow  process,  terminating  at  its  free 
end  in  a  cul-de-so-c.  It  is  named  diverticulum  ilei.  It 
may  vary  in  length  from  half-an-inch  to  six  or  seven 
inches,  and  usually  projects  from  the  convex  aspect  of  the 
circumference  of  the  bowel.  On  rare  occasions  it  has  been 
seen  to  be  attached  to  the  wall  of  the  abdomen  in  the 
region  of  the  navel  by  a  slender  band  of  fibrous  tissue. 
The  diverticulum  is  of  interest  as  representing  a  per- 
sistent condition  of  the  omphalo-mesenteric  or  vitello- 
intestinal  duct,  which  in  the  embryo  connects  the  umbilical 
vesicle  with  the  primitive  intestine. 

Structure  of  the  Small  Intestine. 

The  wall  of  the  small  intestine  consists  in  the  greater 
part  of  its  extent,  of  four  coats,  named  from  without  in- 
v^ards,  serous,  muscular,  submucous,  and  mucous  coats. 
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The  serous,  or  external  coat,  derived  from  tlie  peri- 
toneum, forms  a  complete  investment  for  the  jejunum  and 
ileum,  and  is  continuous  with  the  mesentery  along  a  line 
of  attachment,  named  the  mesenteric  border  of  the  in- 
testine. The  ascending  part  of  the  duodenum  also  has  a 
complete  serous  coat,  but  the  serous  covering  of  the  de- 
scending and  transverse  portions  is  limited  to  their  an- 
terior surface.  The  serous  coat  of  the  small  intestine  is 
loosely  united  to  the  subjacent  muscular  coat  by  areolar 
tissue,  which  is  sometimes  called  the  subserous  coat. 

The  muscular  coat  consists  of  non-striped  fibres  arranged 
in  two  layers  from  without  inwards.  The  outer  layer 
consists  of  longitudinal  fasciculi,  which  form  a  thin  layer 
parallel  to  the  long  axis  of  the  intestine.  The  inner  layer 
consists  of  circular  fasciculi  arranged  around  the  gut 
transverse  to  its  long  axis  :  this  layer  is  thicker,  stronger, 
and  more  highly  coloured  than  the  longitudinal  layer. 
By  the  contraction  of  the  muscular  coat,  the  peristaltic  or 
vermicular  movement  is  produced,  which  propels  the 
ingested  materials  along  the  intestine. 

The  submucous  coat  lies  immediately  subjacent  to  the 
circular  layer  of  the  muscular  coat,  and  forms  the  bond  of 
union  between  that  coat  and  the  mucous  membrane.  It 
consists  of  areolar  connective  tissue,  and  in  it  the  blood- 
vessels ramify  before  they  pass  into  the  mucous  mem- 
brane. 

The  mucous,  or  internal  coat,  is  a  soft,  velvety-looking 
membrane,  which  lines  the  wall  of  the  small  intestine,  and 
possesses  a  complex  appearance  and  structure.  The  inner 
surface  is  not  smooth,  but  is  thrown  into  strongly-marked 
folds,  the  valvules  conniventes,  which,  are  not  obliterated 


702 


ANATOMY. 


during  distension  of  the  gut.  The  folds  are  placed  trans- 
versely to  the  long  axis  of  the  bowel,  and  run  around  its 
inner  wall  for  one-third  or  one-half,  or  two-thirds  of  its  cir- 
cumference (fig.  185).  They  project  into  the  lumen  of  the 
intestine,  and  the  largest  are  about  one-third  of  an  inch  in 
depth.  They  are  first  seen  about  the  commencement  of 
the  descending  part  of  the  duodenum,  are  very  numerous 
in  the  transverse  part  of  the  duodenum  and  upper  half  of 
jejunum,  then  decrease  in  size  and  numbers,  until  at  the 
lower  end  of  the  ileum  they  have  disappeared.  Each 
valvula  consists  of  a  fold  of  the  mucous  membrane  with 
its  submucous  coat.  Owing  to  their  presence,  the  extent 
of  the  mucous  surface  is  much  greater  than  if  it  were  a 
plane-surfaced  membrane. 

In  its  more  minute  structure  the  mucous  coat  may  be 
regarded  as  composed  of  projecting  bodies,  a  glandular 
layer,  and  a  muscular  layer. 

The  projecting  bodies  are  the  intestinal  Villi,  which  jut 
out  into  the  lumen  of  the  intestine  from  the  free  surface 
of  the  mucous  membrane,  not  only  of  the  valvulse,  but  of 
the  intermediate  surface.  They  are  delicate  minute  pro- 
cesses, varying  in  length  from  a  fourth  to  half  a  line,  and 
in  number  amount  to  several  millions. 

They  are  best  examined  when  the  mucous  surface  is 
placed  in  water  or  spirit,  when  they  may  be  seen  with  the 
naked  eye,  or  still  better,  with  a  pocket  lens ;  when  the 
chyle- vessels  or  blood-vessels  are  injected,  they  become 
erected,  and  stand  out  more  prominently  from  the  surface. 
They  vary  in  form,  being  filiform,  or  cylindrical,  or 
conical,  or  club-shaped,  or  leaf-shaped.  They  are  more 
numerous  in  the  duodenum  and  jejunum  than  in  the 
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ileum,  and  to  tlieir  presence  is  due  the  velvety  appearance 
of  the  mucous  surface.  They  are  nob  found  elsewhere 
than  in  the  small  intestine. 

As  they  are  the  parts  of  the  mucous  membrane  directly 
concerned  in  the  absorption 
of  the  chyle,  their  structure 
is  interesting  and  important. 
Each  villus  is  invested  by  a 
cap  of  epithelium  continuous 
with  the   general  epithelial 
covering  of  the  mucous  mem- 
brane.    The  epithelium  con- 
sists   of    a  single   layer  of 
columnar  cells,  compactly  ar- 
ranged side  by  side.  The 
deep  attached  end  of  the  cell 
is  frequently  attenuated  into  a 
slender  filament.    The  broad 
free  end,  as  was  first  figured 
by  Goodsir,  possesses  a  border 
distinct  from  the  general  body 
of  the  cell.      Kolliker  and  , 

Fig.  189.— Vertical  section  throush 
Funke  recognised  in  this  bor-     the  mucous  memUrane  of  the 

der  vertical  striae,  which  they 
regarded  as  minute  canals,  for 
the  transmission  of  the  par- 
ticles of  the  chyle,  but  which 
are  probably  nothing  more 
than  a  peculiar  vertical  arrangement  of  the  cell-proto- 
plasm at  the  border  of  the  cell  (fig.  31,  C).  Occupy- 
ing the  intervals  between  the  attenuated  ends  of  the 


Small  Intestine,  showinff  the  villi 
and  glands  of  Lieberkiihn.  1, 
villus  covered  by  epithelium  ;  2, 
vertical  section  through  a  villus, 
shewing  the  lacteal ;  3,  blood 
vessels  of  the  villus;  L,  the  layer 
of  glands  of  Lieberkiihn;  c.  ca- 
pillaries surrounding  one  of  these 
glands ;  m,m,  muscularis  mucosae. 
X  40. 
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attached  cells  are  minute  supplementary  cells,  sometimes 
globular  in  shape,  at  others  elongated  and  somewhat  cau- 
date. Scattered  amidst  the  columnar  cells  are  cells  which 
possess  the  form  of  microscopic  goblets,  and  are  named 
gohlet  cells.  The  free  end  of  each  goblet  cell  appears  to 
have  an  open  mouth  on  the  surface  of  the  villus,  through 
which  a  mucous-like  substance  exudes.  Various  opinions 
have  been  expressed  as  to  the  nature  of  these  goblet  cells. 
Some  regard  them  as  special  structures  engaged  either  in 
the  absorption  of  chyle,  or  the  secretion  of  mucus  :  others 
look  upon  them  as  merely  modifications  of  the  columnar 
epithelium  :  whilst  others  again  consider  them  to  be  post- 
mortem productions,  due  to  the  swelling  out  of  the 
columnar  epithelium  by  the  imbibition  of  fluid.  There 
can  be  no  doubt,  however,  that  they  are  not  specially 
concerned  in  the  absorption  of  chyle,  as  cells  of  the  same 
character  are  found  in  the  respiratory  mucous  membrane, 
and  on  other  surfaces,  where  the  absorption  of  chyle  does 
not  take  place. 

The  sub-epithelial  tissue  of  a  vUlus  forms  its  matrix  or 
basis  substance,  and  consists  of  the  sub-epithelial  connective 
tissue  of  the  mucous  membrane.  When  thin  sections  through 
a  villus  are  examined,  the  matrix  is  seen  to  be  composed 
not  of  areolar  tissue,  but  of  a  delicate  retiform  tissue,  which 
forms  a  network,  between  the  periphery  of  the  matrix  and 
the  wall  of  the  chyle  vessel,  and  in  the  meshes  of  this 
network  numbers  of  colourless  lymphoid  corpuscles  are 
imbedded.  These  cells  were  described  and  figured  by 
Goodsir,  as  the  absorbing  cells  or  vesicles  of  the  villus. 
Immediately  beneath  the  epithelium,  the  matrix  appears, 
from  Krause's  observations,  as  if  its  corpuscles  were  flat- 
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tened  into  irregular  scales.  H.  Watney  states  that  a  deli- 
cate reticulum  continuous  with  the  most  superficial  layer 
of  corpuscles  of  the  connective  tissue  is  prolonged  between 
the  epithelium  cells.  In  the  axis  of  the  viUus  one, 
or  perhaps  two,  minute  lacteals  or  chyle  vessels  are 
situated,  which  serve  as  rootlets  of  origin  of  the  lacteal 
division  of  the  lymph  vascular  system.  The  lacteal 
is  a  capillary  tube,  which  ends  near  the  apex  of  the 
villus,  as  a  dilated  microscopic  cul-de-sac.  By  its 
opposite  extremity  it  becomes  continuous  with  a  plexus  of 
lacteals  in  the  submucous  coat.    When  treated  with  nitrate 


Fig.  190. — A  transverse  section  throngli  an  intestinal  Villus  A,  showing  its  epi- 
thelial investment  and  the  matiix  of  Lymphoid  tissue ;  c,  columnar  epithelium  ; 
g,  goblet-shaped  cell;  I,  lacteal;  r,  r,  lymphoid  retiform  tissue;  v,  d,  trans- 
versely divided  blood-vessels.  B,  free  ends  of  columnar  epithelium,  with 
mouths  of  four  goblet-shaped  cells.    X  300. 

of  silver,  its  wall  is  seen  to  consist  of  flattened  endothelial 
cells,  which  are  connected  with  the  retiform  tissue  of  the 
matrix  substance.  In  the  matrix  substance,  around  the 
lacteal  vessel  of  the  villus,  is  a  layer  of  non-striped  mus- 
cular fibro-cells,  which  is  continuous  with  the  general 
muscular  layer  of  the  mucous  coat,  and  extends  as  far  as 
the  apex  of  the  villus.  By  the  contraction  of  this  layer 
the  chyle  during  absorption  is  propelled  along  the  lacteal 
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vessel,  and  a  wrinkled  or  puckered  condition  of  the  villus, 
sometimes  seen  after  death,  is  occasioned.  The  villus  also 
contains  blood-vessels  ;  a  small  artery  enters  at  its  attached 
base,  and  terminates  in  a  capillary  plexus,  situated  in  the 
peripheral  part  of  the  matrix,  close  to  the  cap  of  epi- 
thelium ;  from  the  plexus  a  vein  arises,  which  leaves  the 
villus  at  its  base,  and  joins  the  veins  in  the  sub-mucous 
coat. 

Various  theories  have  been  put  forward  to  account  for 
the  mode  of  passage  of  the  chyle,  during  digestion,  from 
the  lumen  of  the  intestine  into  the  lacteal  vessels  of  the 
viUi ;  but  the  question  cannot  even  yet  be  regarded  as 
definitely  settled.  The  appearance  of  a  network  of  minute 
tubules  within  the  matrix,  extending  from  the  epithelial 
investment  to  the  lacteal,  which  Letzerich  supposed  to  be 
the  channels  along  which  the  chyle  flowed,  is  doubtless 
produced  by  the  arrangement  of  the  strands  of  the  retiform 
tissue.  There  seems  little  doubt,  that  both  the  cells  of  the 
epithelial  investment,  and  those  of  the  retiform  tissue  of 
the  matrix,  become  distended  with  the  particles  of  chyle 
previous  to  its  passage  into  the  lacteal.  The  view  advanced 
by  Schafer,  that  the  corpuscles  in  the  meshes  of  the  reti- 
form tissue  may  serve  as  carriers  of  the  fatty  particles 
of  the  chyle  into  the  lacteals,  is  but  another  mode  of 
expressing  the  function  of  these  cells  advocated  thirty 
years  ago  by  Goodsir. 

The  mucous  membrane  of  the  small  intestine  is  abun- 
dantly provided  with  secreting  glands,  named  the  glands 
of  Brunner  and  of  Lieberkiihn. 

Brunner's  glands  are  confined  to  the  duodenum ;  they 
belong  to  the  compound  racemose  group  of  glands,  and 


SMALL  INTESTINE. 


•707 


mm 


resemble  geaerally  in  structure  tlie  mucous  and  salivary 
glands.  Tlie  minute  lobules  of  these  glands  lie  in  the 
submucous  coat,  and  the  excretory  duct  pierces  the  mucous 
membrane  to  open  on  the  surface.  The  wall  of  the  duct  is 
formed  of  connective  tissue 
lined  by  columnar  epithe- 
lium. The  finest  branches 
of  the  duct  are  continuous 
with  the  acini  or  gland 
vesicles,  and  W.  Krause 
states  that  their  membrana 
propria  consists  of  a  layer 
of  polygonal  flattened  cells. 
The  gland  vesicles  contain 
the  secreting  cells,  which 
are  columnar  in  form :  and 
Schwalbe  has  described  in- 
ter-cellular passages,  between 
these  cells  which  communi- 
cate, as  iu  the  salivary  glands, 
with  the  excretory  duct.  A 
plexus  of  capUlary  blood- 
vessels is  distributed  outside 
the  membrana  propria  of 
the  gland  vesicles,  and  lym- 
phatic vessels  lie  around 
the  lobules.  Into  the  duodenum,  about  the  junction 
of  its  descending  and  horizontal  portions,  the  duct  of  the 
pancreas,  and  the  bile  duct  from  the  liver,  open  by  a  com- 
mon orifice.  These  glands  may  be  regarded  therefore  as 
accessory  glands  to  this  portion  of  the  small  intestine. 


Fig.  191. — Vertical  section  tlirougli  tlie 
wall  of  the  duodenum,  showing  the 
Glands  of  Brunuer.  V,  intestinal 
villi ;  L,  layer  of  glnnds  of  Lieher- 
Idllm;  OT,  m,  muscularis  mucosie; 
B,  a  Bninner's  glund,  d,  its  excre- 
tory duct ;  SM,  submucous  coat ;  M, 
muscular  coat ;  »,  a  small  artery. 
X  40. 
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The  glands  of  Lieberkuhn  are  distributed  throughout 
the  whole  length  of  the  mucous  coat  of  the  smaU  intes- 
tine. They  are  simple  tubular  glands,  in  form  like  test 
tubes,  which  lie  vertically  in  the  mucous  membrane,  and 

form  its  proper  glandular  layer 
(figs.  189, 191.)  The  tubes  are 
microscopic  in  size,  vary  in 
length  from  -^ih.  to  -^th.  of  a 
line,  are  sometimes  closely  set 
together,  but  in  the  localities 
where  the  solitary  and  Peyer's 
glands  occur,  they  are  more 
widely  separated.  The  glands 
open  on  the  surface  of  the 
mucous  membrane  between  the 
villi  ;  and  the  opposite  end  of 
the  tubes  is  closed  and  rounded, 
and  reaches  close  to  the  mus- 
cular layer  of  the  mucous  coat.  They  are  lined  by  a  layer 
of  columnar  epithelium  cells,  continuous  with  the  epithelial 
investment  of  the  villi ;  supplementary  and  goblet  cells, 
similar  to  those  described  on  the  villi,  are  situated  be- 
tween the  columnar  cells.  The  glands  are  separated  from 
each  other  by  retiform  connective  tissue,  in  the  meshes  of 
which  colourless  lymphoid  corpuscles  exist  in  considerable 
numbers ;  the  plexus  of  capillary  blood-vessels,  which  is 
distributed  outside  the  membrana  propria  of  the  gland 
tube,  lies  in  this  connective  tissue. 

The  connective  tissue  of  the  mucous  coat  is  characterised 
generally  by  its  retiform  character,  and  by  the  diffusion  of 
colourless  lymphoid  corpuscles  in  the  meshwork.  But 


Fig.  192.  —  Horizontal  section 
tlarougf:  the  mucosa  of  the  small 
intestine,  to  show  the  Glands  of 
Lieberkiihn,  L,  and  the  inter- 
glandular  retiform  lymphoid  tis- 
sue, r.  V,  V,  transversely  di- 
vided blood  vessels,    x  300.J 
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in  some  parts  of  the  mucosa  these  corpuscles,  with  their 
supporting  framework  of  retiform  tissue,  are  collected  into 
distinct  masses  or  follicles,  visible  to  the  naked  eye,  and 
known  in  descriptive  anatomy  as  the  solitary  and  Peyer's 
glands  or  follicles. 

The  solitary  glands  are  scattered  throughout  the  whole 
length  of  the  intestinal  mucous  membrane.  They  are 
about  the  size  of  millet  seeds,  and  vary  in  number  and 
distinctness  in  different  individuals.  They  are  globular 
or  ovoid  in  form,  and  occasion  a  slight  elevation  of  the 
mucous  membrane.  One  pole  of  the  gland,  sometimes 
named  the  cupola,  lies  next  the  free  surface  of  the  mucous 
membrane,  and  is  in  relation  to  the  columnar  epithelium 
covering  the  mucosa,  whilst  the  opposite  pole,  or  base, 
rests  on  the  submucous  coat. 

Peyer's  glands,  or  the  agminated  glands,  consist  of  an 
aggregation  of   solitary  glands  or  follicles,  which  are 
crowded  together,  so  as  to  form  distinct  elongated  patches, 
which  may  vary  in  length  from  one  quarter  inch  to  three 
or  four  inches.    The  long  axis  of  each  patch  corresponds 
to  the  long  axis  of  the  intestine,  and  the  patches  are 
placed  opposite  to  the  mesenteric  attachment  of  the  bowel. 
Villi  either  may,  or  may  not,  be  situated  on  the  surface  of 
the  patch,  in  the  intervals  between  the  individual  follicles, 
but  Lieberkiihnian  glands  are  always  found  opening  on  the 
surface,  and  frequently  forming  a  ring  of  orifices  around 
each  follicle.    Peyer's  patches  are  most  abundant  in  the 
lower  end  of  the  ileum,  but  diminish  in  size  and  numbers 
in  its  upper  end  and  in  the  jejunum,  and  are  absent  in 
the  duodenum. 

These  follicles  are  lymphoid  organs,  and  are  composed  of 
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Jymplioid  tissue,  as  has  been  described  on  p.  548,  where 
an  account  of  the  arrangement  of  their  blood-vessels  and 
lymph-vessels  has  also  been  given.  The  solitary  and 
Peyer's  glands,  as  is  the  case  generally  with  the  lymphoid 
organs,  are  more  distinct  and  perfect  in  structure  in 
infancy  and  childhood,  than  in  adults  or  in  advanced  age. 

Peyer's  glands  are  the  seats  of  tubercular  formation  in 
tubercular  disease  of  the  intestine ;  and  they  become 
swollen  and  ulcerated  in  the  typhoid  form  of  continued 
fever.  The  changes  which  take  place  in  these  glands  in 
the  course  of  typhoid  ulceration  is  due,  as  was  pointed 
out  by  Goodsir,  to  the  great  development  of  cells  within 
the  constituent  follicles  of  a  patch,  which  in  consequence 
burst  and  give  rise  to  an  ulcerated  surface. 


Fir  iq-i  —Vertical  section  through  a,  Peyer's  patcli  in  the  wall  of  the  small 
fntLtine    V  the  ™^  L  the  layer  of  LieberkUlm's  glands  ;  «/«^ 

the  m  scular  s  mucosiB  ;  ^m,  the  connective  tissue  of  the  submucous  coat  ;  P 
the  T(  Ss  of  a  vlTevi  patch.    The  two  to  the  right  ai-e  co.npletely  divided 
"  upoL  to  t?,:hL^;  the  two  to  the  left  ^ ^^^'TZ^^l'^Z^^t  ff 
the  apex  ;  aa,  small  arteries  in  the  submucous  coat,  wh  eh  ent>-^  ^he  f"^?  ° 
Peyer,  and  foi'm,  c,  a  capillaiy  network ;  M,  muscular  coat.    Slightly  maRmfied . 

The  muscular  layer  of  the  mucous  membrane  lies  next 
to  the  submucous  coat.    It  was  discovered  by  Briicke,  and 
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consists  of  non-striped  fibres  which  lie  parallel  to  the 
surface  of  the  membrane.  It  passes  also  into  the  substance 
of  the  villi,  and  lies  around  the  closed  end  of  the  glands 
of  Lieberkiihn;  but,  where  the  solitary  and  Payer's 
glands  are  situated,  it  is  perforated,  to  allow  the  base  of  the 
foUicle  to  reach  the  submucous  coat. 

Of  the  blood-vessels  of  the  small  intestine,  the  arteries 
enter  the  wall  of  the  jejunum  and  ileum  at  its  attached  or 
mesenteric  border,  and  are  branches  from  the  arcades  of 
the  superior  mesenteric  artery  ;  whilst  the  arteries  for  the 
duodenum  are  the  superior  pancreatico-duodenal  of  the 
gastro-duodeual  branch  of  the  hepatic  artery,  and  the 
inferior  pancreatico-duodenal  branch  of  the  superior 
mesenteric.  They  run  in  the  sub-serous  tissue  around  the 
wall  of  the  intestine ;  then  pierce  the  muscular  coat  and 
supply  it;  they  then  enter  the  sub-mucous  coat,  and  form  a 
network  from  which  branches  pass  into  the  mucous  coat. 
The  veins  accompany  the  arteries,  and  form  rootlets  of  the 
superior  mesenteric  vein. 

The  Lymph-vessels,  or  ladeals,  may  be  traced  into  the 
wall  of  the  intestine  at  the  mesenteric  border;  they  form 
a  network  in  the  muscular  coat,  and  then  enter  the  sub- 
mucous coat,  where  they  are  very  abundant ;  from  this 
sub-mucous  layer  ofi'shoots  pass  through  the  retiform  tissue, 
which  lies  between  the  Lieberkiihnian  glands,  into  the 
villi.  Where  the  solitary  and  Peyer's  glands  are  situated 
the  lacteals,  as  Frey  has  pointed  out,  form  a  system  of 
anastomosing  vessels  around  the  base  and  mesial  part  of 
each  follicle. 

The  nerves  are  derived  from  the  plexuses  of  the  sympa- 
thetic, which  accompany  the  branches  of  the  superior 
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mesenteric  artery.  They  form  between  the  two  layers  of  the 
muscular  coat  an  important  plexus,  named  after  its  dis- 
coverer, Auerbach's  plexus,  in  which  large  stellate  nerve- 
cells  are  intermingled  with  nerve  fibres,  and  a  similar 
nervous  plexus  is  found  in  the  muscular  coat  of  the  other 
divisions  of  the  "alimentary  canal.  It  supplies  and  regu- 
lates the  movements  of  the  muscular  coat.  In  the  sub- 
mucous coat  is  found  a  nervous  plexus,  named  Meissner's 
plexus,  after  its  discoverer,  in  the  strands  of  which  nerve- 
cells  are  collected  into  gangliform  masses,  and  a  similar 
plexus  is  found  in  the  submucous  coat  of  the  other 
divisions  of  the  alimentary  canal.  Auerbach's  plexus  is 
connected  with  Meissner's  plexus  by  intercommunicating 
fibres ;  and  fibres  pass  from  ]\Ieissner's  plexus  to  the  mus- 
cularis  mucosae,  to  the  glandular  layer  of  the  mucous  coat, 
and  to  the  attached  base  of  the  vilU. 

The  LARGE  INTESTINE,  though  not  nearly  so  long 
as  the  small  intestine,  is  of  much  greater  diameter.  It 
reaches  from  the  end  of  the  ileum  to  the  orifice  of  the  anus, 
and  is  divided  into  the  coecum  with  the  appendix  vermi- 
formis,  the  colon,  and  the  rectum ;  whilst  the  colon  is  sub- 
divided into  the  ascending  colon,  the  hepatic  flexure,  the 
transverse  colon,  the  splenic  flexure,  the  descending  colon, 
and  the  sigmoid  flexure. 

The  CcECUM  is  the  commencement  of  the  large  intestine, 
and  lies  below  the  ileum.  It  occupies  the  right  iliac  fossa, 
and  is  attached  by  areolar  tissue  to  the  fascia  covering  the 
iliacus  muscle.  Sometimes  it  is  displaced  from  this 
position  and  hangs  down  into  the  true  pelvis ;  more  rarely 
it  is  elevated  into  the  right  lumbar  region.    It  is  the  most 
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dilated  part  of  tlie  large  intestine,  and  forms  a  large  cul-de- 
sac,  closed  in  below,  bat  communicating  freely  above  witli 
the  ascending  colon.  Opening  on  the  inner  and  posterior 
wall  of  the  ccecum  is  the  Appendix  vermiformis,  which  is 
a  slender  hoUow  prolongation  of  the  bowel,  varying  in 
length  from  three  to  six  inches.  It  has  the  calibre  of  the 
stem  of  a  common  tobacco  pipe,  and  ends  in  a  free  closed 
extremity,  so  that,  like  the  coecum,  it  is  a  cul-de-sac.  It 
possesses  a  peritoneal  fold  or  small  mesentery,  by  which  it 
is  sometimes  tied  to  the  adjacent  wall  of  the  abdomen, 
though  at  other  times  it  may  be  freely  movable.  It  is 
not  generally  found  in  mammals,  but  is  present  in  man, 
the  orang,  certain  lemurs,  and  the  marsupial  wombat. 

The  Ascending  or  Eight  Colon  is  continuous  below 
with  the  ccecum  and  above  with  the  hepatic  flexure.  It 
occupies  the  right  lumbar  region,  aud  is  attached  by  areolar 
tissue  to  the  fascia  covering  the  quadratus  lumborum 
muscle  and  to  the  front  of  the  right  kidney. 

The  Hepatic  Flexure  of  the  Colon  is  a  bend  in  the 
large  intestine,  forming  almost  a  right  angle,  continuous 
on  the  one  hand  with  the  ascending  colon,  and  on  the 
other  with  the  transverse  colon.  It  lies  in  the  right 
hypochondriac  region  in  contact  with  the  under  surface  of 
the  liver. 

The  Transverse  Colon  connects  the  hepatic  and  splenic 
flexures,  and  curves  across  the  abdomen  from  the  right 
hypochondrium,  through  the  umbilical  region  to  the  left 
hypochondrium.  It  forms  the  arch  of  the  colon,  the 
convexity  of  which  is  directed  downwards  and  forwards, 
and  the  concavity  upwards  and  backwards.  It  lies  imme- 
diately below  the  great  curvature  of  the  stomach,  and  is 
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connected  with  the  posterior  layer  of  the  great  omentum. 
Owing  to  the  length  of  the  transverse  meso-colon,  which 
forms  its  peritoneal  attachment,  it  not  unfrequently  under- 
goes some  change  in  its  position,  and  may  hang  down- 


Fio.  194. — Diagram  of  the  abdominal  part  of  the  Alimentaiy  Canal.  S,  stomach ; 
D,  duodenum ;  J,  jejunum ;  I,  ileum  ;  AV,  appendix  vermiformis;  AC,  ascend- 
ing colon;  HF,  hepatic  flexure;  TC,  transverse  colon;  SF,  splenic  fle.xme; 
DC,  descending  colon ;  SG,  sigmoid  flexure ;  R,  rectum;  G,  gall  bladder;  H, 
hepatic  duct;  DC,  common  bile  duct;  P,  pancreatic  duct. 
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wards  towards  the  pelvis,  or  be  elevated  in  front  of  tlie 
stomach,  or  thrown  to  the  right  or  left  side.  This  ten- 
dency to  displacement  of  the  transverse  colon  should  be 
kept  in  mind  in  the  diagnosis  of  diseases  of  the  abdominal 
viscera. 

The  Splenic  Flexuke  of  the  Colon  is  continuous  on 
the  one  hand  with  the  transverse  colon,  and  on  the  other 
with  the  descending  colon,  and  is  attached  to  the  diaphragm 
by  the  phrenico-colic  fold  of  peritoneum.  It  lies  in  the 
left  hypochondrium  in  close  relation  to  the  spleen. 

The  Descending  or  Left  Colon  connects  the  splenic 
aid  sigmoid  flexures,  and  occupies  the  left  lumbar  region. 
It  is  attached  by  areolar  tissue  to  the  left  kidney  near  its 
outer  border,  and  to  the  fascia  covering  the  left  quadratus 
lumborum.  A.s  low  as  the  level  of  the  3rd  lumbar  vertebra 
it  is  in  relation  to  the  outer  border  of  the  quadratus,  but 
from  that  level  to  the  ilium  the  quadratus  muscle  lies  be- 
hind the  descending  colon.  Owing  to  its  position,  and  the 
absence  of  a  peritoneal  covering  posteriorly,  the  surgeon 
opens  into  this  segment  of  the  bowel  when  he  wishes  to 
form  an  artificial  anus.  • 

The  Sigmoid  Flexure  of  the  Colon  connects  the  de- 
scending colon  with  the  rectum.  It  lies  in  the  left  iUac 
fossa,  but  as  the  sigmoid  meso-colon,  which  forma  its  peri- 
toneal attachment,  is  of  some  length,  it  is  freely  movable, 
and  not  unfrequently  hangs  into  the  pelvis,  or  even  extends 
across  into  the  right  iliac  fossa. 

The  Rectum  is  the  terminal  segment  of  the  large  intes- 
tine, and  extends  from  the  sigmoid  flexure  to  the  orifice  of 
the  anus.  It  occupies  the  cavity  of  the  pelvis.  It  com- 
mences opposite  the  left  sacro-iliac  joint,  and  passes  at  first 
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obliquely  downwards  and  to  the  right  until  it  reaches  the 
middle  line  of  the  sacrum ;  secondly,  it  closely  follows  the 
curvature  of  the  sacrum  and  coccyx,  lying  in  relation  to 
their  anterior  surface ;  thirdly,  when  it  reaches  the  tip  of 
the  coccyx  its  terminal  or  third  part  inclines  downwards  and 
backwards  for  about  one  inch  and  a  half  to  the  anal  orifice. 
The  upper  end,  or  first  part  of  the  rectum,  is  invested  by 
peritoneum,  and  is  attached  to  the  front  of  the  sacrum  as 
far  down  as  its  2nd  or  3rd  vertebra  by  the  peritoneal  fold, 
termed  meso-rectum.    The  second  part  extends  from  the  2nd 
or  3rd  sacral  vertebra  to  the  tip  of  the  coccyx,  is  attached 
to  the  bone  by  areolar  tissue,  and  is  in  relation  also  to  the 
pelvic  fascia.    The  peritoneum  does  not  form  a  complete 
investment  for  the  second  part  of  the  rectum ;  at  first  it 
covers  it  anteriorly  and  laterally,  lower  down  only  ante- 
riorly, and  stiU  lower  it  leaves  it,  to  be  reflected,  in  the  male 
on  the  back  of  the  bladder,  in  the  female  on  the  back 
of  the  vagina.    The  third  part  of  the  rectum  is  in  relation 
to  the  pelvic  fascia  and  the  levatores  ani  muscles,  by 
which  parts  it  is  supported  and  retained  in  position.  In 
•  the  male  the  bladder,  vesiculse  seminales,  and  prostate 
gland  are  in  front  of  the  rectum ;  but  in  the  female  its 
anterior  surface  is  in  relation  to  the  uterus  and  vagina,  to 
the  latter  of  which  it  is  intimately  connected.    The  anus 
opens  on  the  surface  of  the  middle  line  of  the  perineum, 
midway  between  the  two  ischial  tuberosities,  and  the  skin 
surrounding  the  orifice  is  thin  and  wrinkled  when  the  open- 
ing is  closed.   Immediately  beneath  the  skin  is  the  sphincter 
ani  externus  muscle,  which  forms  a  thin  layer  of  fasciculi, 
arranged  in  a  series  of  ellipses  around  the  orifice.    It  is 
attached  behind  to  the  tip  of  the  coccyx,  surrounds  the 
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opening  as  it  passes  forwards,  and  extends  as  far  as  the 
so-called  central  tendinous  point  of  the  perineum,  where  it 
often  joins  the  acceleratores  urinse  and  transversi  perinei 
muscles.  The  sphincter  in  its  normal  condition  of  con- 
traction simply  closes  the  opening,  but,  under  the  influence 
of  the  will,  a  more  powerful  contraction  can  be  induced, 
so  as  to  resist  the  entrance  of  foreign  bodies  into  the 
rectum. 

As  the  Levatores  ani  muscles  are  in  such  intimate 
relation  to  the  rectum,  they  may  now  be  described.  They 
form  a  pair  of  symmetrically  arranged  muscles,  which 
descend  from  the  pelvic  wall  to  its  perineal  outlet.  Each 
arises  anteriorly  from  the  back  of  the  body  and  of  the 
horizontal  ramus  of  the  os  pubis,  posteriorly  from  the 
ischial  spine,  and  between  these  attachments  from  the 
pelvic  fascia,  where  it  splits  into  its  parietal  and  recto- 
vesical layers.    The  muscle  passes  downwards  and  inwards 
to  the  middle  line  of  the  floor  of  the  pelvis  to  be  inserted 
as  follows :  most  posteriorly  into  the  side  of  the  tip  of 
the  coccyx;  from  the  tip  of  that  bone  to  the  anus  into 
the  median  raph6  of  the  perineum,  where  it  joins  it* 
fellow;  then  into  the  lower  end  of  the  rectum  in  close 
relation  to  the  external  sphincter ;  whilst  the  most  ante- 
rior fibres  descending  by  the  side  of  the  prostate  reach  the 
median  raph6  of  the  perineum  in  front  of  the  anus,  and 
blend,  on  the  perineal  aspect  of  the  prostate,  with  the 
corresponding  muscle  of  the  opposite  side.    Owing  to  the 
relation  of  the  anterior  or  pubic  fibres  of  origin  of  the 
levator  ani  to  the  prostate  gland  in  the  male,  they  are 
sometimes  named  the  levator  prostatoe  muscle.    In  the 
female  the  pubic  fibres  of  origin  lie  in  relation  to  the  side 
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of  the  vagina.  The  pair  of  levator  muscles  not  only 
assist  in  forming  the  pelvic  floor,  but  can  draw  upwards 
the  organs  which  lie  in  relation  to  it. 

On  the  same  plane  as,  and  continuous  with  the  pos- 
terior border  of  each  levator  ani,  is  the  Goccygeus  muscle, 
which  arises  from  the  spine  of  the  ischium,  and  descends 
as  a  thin  triangular  muscle,  to  be  inserted  into  the  side 
of  the  lower  end  of  the  sacrum  and  the  side  and  front  of 
the  coccyx.  It  acts  as  an  elevator  of  the  coccyx.  The 
two  pairs  of  coccygei  and  levatores  ani  constitute  the  pelvic 
diaphragm.  They  and  the  external  sphincter  are  supplied 
by  the  fourth  and  fifth  sacral  and  the  coccygeal  nerves. 

The  large  intestine  is  arranged  in  the  abdominal  cavity 
in  the  form  of  an  arch,  the  summit  of  which  is  the  trans- 
verse colon,  whilst  the  caecum  and  rectum  are  the  right 
and  left  piers.  Within  the  concavity  of  this  arch  the  coils 
of  the  jejunum  and  ileum  are  situated.  The  large  intes- 
tine is  not,  except  in  the  rectum,  a  cylindriform  tube,  but 
is  dilated  into  three  parallel  and  longitudinal  rows  of 
sacculi,  which  rows  are  divided  from  each  other  by  longi- 
tudinal muscular  bands,  whilst  the  sacculi  in  each  row 
are  separated  externally  by  intermediate  constrictions.  In 
the  rectum  the  sacculi  have  disappeared,  and  the  intestine 
assumes  a  cylindrical  form,  but  at  its  lower  end  it  dilates 
into  a  reservoir,  in  which  the  fsecBS  accumulate  prior  to 
being  excreted. 

At  the  junction  of  the  large  with  the  small  intestine  a 
valvular  arrangement,  termed  the  ileo-coecal  or  ileo-colic 
valve,  is  found.  This  valve  is  due  to  the  peculiar  manner 
in  which  the  ileum  joins  the  coecum  and  colon.  If  these 
portions  of  the  large  intestine  be  opened  into,  it  will  be 
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seen  ttat  the  orifice  of  the  ileum  is  not  circular,  but 
elongated  in  a  direction  nearly  transverse  to  the  long 
axis  of  the  large  intestine. 

The  opening  is  bounded  by  two  semi -lunar  folds,  which 
project  into  the  large  bowel.  ^  These  folds  are  the  two 
segments  of  the  valve  ; 
one  situated  above  the 
opening  is  the  ileo-colic 
segment,  the  other,  below 
the   opening,  the  ileo- 
ccecal.      The  two  seg- 
ments become  continu- 
ous with  each  other  at 
the  ends  of  the  elongated 
opening,  and  are  pro- 
longed for  some  distance 
around  the  inner  wall  of 
the  large  intestine  as  two 
prominent  ridges,  named 
the  frcena  of  the  valve. 
Each   segment  consists 
of  the  mucous  and  sub- 
mucous coat,  and  of  the 
circular  layer  of  the  mus- 
cular coat  of  the  ileum, 
which  are,  as  it  were, 
pushed  into  the  canal 
of  the  large  bowel,  at 
the  place  of  junction,  so  as  to  form  the  prominent  folds 
which  have  been  described.    The  longitudinal  muscular 
layer  and  the  serous  coat  of  the  ileum  are  prolonged 


Fig.  195.— View  of  the  interior  of  tlie 
Cfficum  and  ascending  colon,  to  show  the 
neo-colic  valve.  1,  Ileum  ;  2,  ascend- 
ing colon  ;  8,  appendix  vermiformis  ; 
4,  Ileo-colic  segment,  and  5,  Ileo-crecal 
segment  of  valve  ;  6,  opening  of  Ueum  ; 
7,  mouth  of  appendix  vermiformis. 
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directly  from  tlie  ileum  to  the  wall  of  tlie  large  intestine, 
and  do  not  enter  into  tlie  segments  of  the  valve.  The 
use  of  the  ileo-ccecal  valve  is  to  impede  or  prevent  the 
reflux  of  the  contents  of  the  large  into  the  small  intes- 
tine. When  the  ccecum  and  colon  are  distended  the  frsena 
of  the  valve  are  put  on  the  stretch,  and  the  two  segments 
are  approximated,  so  that  the  opening  is  reduced  to  a  mere 
slit,  or  even  closed,  if  there  is  great  distension  of  the  bowel. 
The  circular  muscular  fibres  in  the  segments  wQl  doubt- 
less also  exercise  a  sphincter  action  on  the  orifice. 

Structure  of  the  Large  Intestine. 

The  wall  of  the  large  intestine  consists  in  the  greater 
part  of  its  extent  of  four  coats,  named  from  without 
inwards,  serous,  muscular,  submucous,  and  mucous  coats. 

The  serous  or  external  coat  derived  from  the  peritoneum, 
forms  a  complete  investment  for  the  flexures  of  the  colon, 
the  transverse  colon,  and  the  first  part  of  the  rectum.  The 
ccecum  has  sometimes  a  complete  serous  coat,  but  more 
usually,  it,  together  with  the  ascending  and  descending 
colon,  have  the  serous  coat  only  anteriorly  and  laterally. 
The  second  part  of  the  rectum  has  only  a  partial  serous 
investment,  and  the  third  part  has  no  serous  coat.  Nume- 
rous pedunculated  processes  invested  by  the  serous  mem- 
brane, and  containing  lobules  of  fat,  named  aj)X'e7idices 
epiploicoe,  are  attached  to  the  large  intestine.  The  serous 
coat  is  loosely  united  to  the  subjacent  muscular  coat  by 
areolar  tissue,  which  is  sometimes  called  the  subserous 
coat. 

The  muscular  coat  consists  of  non-striped  fibres  arranged 
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in  two  layers  from  without  inwards.  The  outer  layer  con- 
sists of  longitudinal  fasciculi,  which  are  not  as  a  rule  dis- 
tributed uniformly  in  the  wall,  but  in  the  ccecum  and 
colon  are  collected  into  three  longitudinal  bands,  which 
start  from  the  coecum,  where  it  is  joined  by  the  appendix 
vermiformis,  and  extend  along  the  colon  to  the  rectum. 
One  band  extends  along  the  meso-colic  or  attached 
aspect  of  the  bowel,  another  along  the  anterior  aspect, 
whilst  the  third  is  situated  on  the  inner  aspect  of  the 
ascending  and  descending  colon,  and  the  under  aspect  of 
the  transverse  colon.  As  these  bands  are  not  so  long  as 
the  colon  itself,  they  occasion  the  puckering  or  constric- 
tions in  the  wall  which  separate  the  sacculi,  so  that  when 
the  bands  are  cut  through  the  sacculi  disappear.  The 
colon  then  becomes  more  elongated  and  cylindriform. 

In  the  appendix  vermiformis  the  longitudinal  layer  is 
not  collected  into  bands,  but  arranged  uniformly  along  the 
waU.  In  the  rectum,  also,  the  longitudinal  layer  is  spread 
uniformly  along  the  wall,  and  forms  a  well-defined  red- 
coloured  layer.  Slender  fasciculi  have  been  described  as 
passing  from  this  layer  to  the  adjacent  pelvic  fascia,  and 
to  the  subcutaneous  tissue  about  the  anus,  and  Luschka 
has  traced  some  bundles  into  the  anterior  sacro-coccygeal 
ligament. 

The  inner  layer  of  the  muscular  coat  consists  of  circular 
fasciculi  distributed  around  the  wall  of  the  large  intestine. 
In  the  rectum  this  layer  increases  in  thickness,  and  in 
proximity  to  the  anus  forms  a  circular  muscle,  the 
spJiincter  ani  internus,  which  is  a  strong  band,  about  half 
an  inch  broad,  around  the  lower  end  of  the  rectum.  In 
the  large,  as  in  the  small  intestine,  the  muscular  coat 
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occasions  the  peristaltic  movements,  and  its  increased 
thickness  in  the  rectum  is  for  the  purpose  of  expelling  the 
faeces. 

.  The  submucous  coat  has  similar  relations  and  structure 
to  the  corresponding  coat  in  the  small  intestine. 

The  mucous,  or  internal  coat,  is  not  thrown  into  valvulse 
conniventes,  but  presents  a  series  of  well-marked  per- 
manent ridges,  lying  transversely  or  somewhat  obliquely 
to  the  long  axis  of  the  gut,  and  corresponding  internally 
to  the  constrictions,  which,  on  the  outer  surface  of  the 
colon,  separate  the  sacculi  from  each  other  (fig.  195).  These 
ridges  are  also  found  in  the  rectum,  though  in  diminished 
numbers.  Of  the  rectal  folds,  three  have  been  especially 
described  by  Houston — one,  the  lowest,  is  about  li  inch 
from  the  anus ;  another,  the  highest,  is  near  the  sacral 
promontory,  whilst  the  third  is  somewhere  intermediate. 
The  transverse  folds  are  formed  not  only  of  the  mucous 
and  submacous  coats,  but  of  the  circular  layer  of  the 
muscular  coat.  Near  the  anal  orifice  the  mucous  coat  is 
folded  longitudinally,  and  foi-ms  the  columnae  recti  of 
Morgagni.  The  mucous  membrane  of  the  large  intestine 
is  covered  by  a  layer  of  columnar  epithelium.  It  is  devoid 
of  villi,  and  consists  of  a  glandular  and  a  muscular  layer. 
The  secreting  glands  of  the  glandalar  layer  have  the 
form  and  structure  of  the  Lieberkiihnian  glands  of  the 
small  intestine  (fig.  189, 191);  they  open  on  the  free  surface 
of  the  mucous  coat,  and,  owing  to  the  absence  of  viUi,  their 
mouths  are  more  closely  set  together  than  is  the  case  with 
the  corresponding  glands  in  the  small  intestine  ;  the  tubu- 
lar glands  are  separated  by  a  retiform  tissue  containing 
lymphoid  corpuscles.     Solitary  glands,  similar  to  those 
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in  the  small  intestine,  are  also  present ;  but  no  Peyer's 
patches.  The  muscularis  mucosae  resembles  generally  that 
of  the  small  intestine. 

Of  the  blood-vessels  of  the  large  intestine,  the  arteries 
are  principaUy  derived  from  the  colic  branches  of  the 
superior  mesenteric  and  the  several  branches  of  the 
inferior  mesenteric  artery;  but  the  lower  end  of  the 
rectum  receives  the  middle  hsemorrhoidal  branches  of  the 
internal  iliac,  and  the  inferior  hsemorrhoidal  branches  of 
the  pudic.    The  veins  which  correspond  to  these  arteries 
for  the  most  part  join  the  superior  and  inferior  mesenteric 
veins,  and  are  consequently  rootlets  of  the  portal  vein. 
Bat  the  veins  which  belong  to  the  middle  and  inferior 
hfemorrhoidal  arteries  form  a  plexus  about  the  anal  orifice, 
which  partly  joins  the  superior  hsemorrhoidal  vein,  and 
through  it  the  portal  vein,  and  is  partly  connected  through 
the  middle  and  inferior  hemorrhoidal  veins  with  the 
internal  iliac  vein,  and  through  it  with  the  inferior  vena 
cava.     The  veins  about  the  anus  are  very  apt  to  become 
varicose,  and  to  form  the  excrescences  termed  haemorrhoids 
or  piles.    The  lymph  vessels  are  arranged  as  in  the  small 
intestine,  except  that  they  are  not  prolonged  into  villi. 
Nervous  plexuses  with  ganglion  cells  are  found  in  both  the 
muscular  and  submucous  coats.    They  proceed  from  the 
superior  and  inferior  mesenteric  plexuses,  but  the  rectum 
receives  branches  from  the  hypogastric  plexus,  and  from 
the  third  and  fourth  sacral  spinal  nerves. 
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The  Livee. 

The  Liver  is  the  biggest  of  the  abdominal  viscera,,  and 
the  largest  gland  in  the  body.  It  is  the  organ  in  which 
the  secretion  of  bile  takes  place,  and  is  the  chief  seat  in 
the  body  of  the  formation  of  glycogen,  a  substance  like 
dextrine,  which  readily  undergoes  conversion  into  sugar. 
It  lies  in  the  costal  zone  of  the  abdomen,  fills  up  the  greater 
part  of  the  right  hypochondrium,  and  extends,  through  the 
epigastrium,  into  the  left  hypochondrium.  In  its  long  or 
transverse  diameter  it  averages  about  12  inches,  in  its 
antero-posterior  diameter  about  6  inches,  in  the  vertical 
diameter  of  its  thickest  part  about  3  inches.  Kelatively 
to  the  size  of  the  body  the  liver  is  bigger  and  heavier  in 
the  foetus  than  in  the  adult ;  soon  after  birth  the  relative 
weight  declines,  and  that  of  the  left  lobe  dirainishes  much 
more  rapidly  than  the  right  lobe.  Frerichs  states  that  the 
relative  weight  of  the  healthy  liver  fluctuates  in  adults 
between  ^th  and  ^th  that  of  the  body,  and  the  absolute 
weight  varies  from  1'8  to  4  "6  pounds  avoird.  During 
the  digestion  of  the  food  the  liver  increases  both  in  size 
and  weight,  partly  from  the  greater  quantity  of  blood  flow- 
ing through  it,  and  partly  from  the  new  material  in  the 
secreting  cells ;  whilst  after  a  long  fast  it  becomes  smaller 
and  lighter. 

For  descriptive  purposes  the  liver  may  be  regarded  as 
having  two  surfaces,  two  borders,  and  two  extremities. 
The  superior  or  diaphragmatic  surface  is  smooth  and  con- 
vex, and  in  close  contact  with  the  under  surface  of  the 
vault  of  the  right  half  of  the  diaphragm,  with  its  central 
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tendon,  and  with  a  portion  of  tlie  left  half  of  the  muscle, 
also  with  the  anterior  abdominal  wall  in  the  upper  part  of 
the  epigastrium.    It  is  attached  to  the  diaphragm  and 
epigastric  wall  of  the  abdomen  by  a  fold  of  the  peritoneum, 
caUed  the  falciform  or  suspensory  ligament,  which  extends 
along  the  upper  surface  from  the  anterior  to  the  posterior 
bordtr  of  the  liver,  and  marks  the  division  into  a  large 
right  and  a  small  left  lobe.    From  the  close  relation  of 
this  surface  of  the  liver  to  the  diaphragm  it  follows  the 
movements  of  that  muscle,  being  depressed  during  inspira- 
tion, elevated  during  expiration.    The  highest  part  of  the 
surface  of  the  liver  lies  at  the  end  of  an  expiration  opposite 
the  4th  right  intercostal  space,  a  little  to  the  inner  side  of 
the  right  nipple,  from  which  spot  it  rapidly  slopes  down- 
wards to  the  right  about  as  low  as  the  11th  right  rib, 
whilst  it  inclines  much  more  gradually  to  the  left  almost 
on  a  line  with  the  junction  of  the  ensiform  cartilage  with 
the  meso-sternum.    The  5th,  6th,  7th,  8th,  9th,  and  10th 
ribs,  separated  by  the  diaphragm,  arch  superficially  to  its 
right  lobe,  whilst  the  left  lobe  is  arched  over  by  the  car- 
tilages of  the  6th,  7th,  and  8th  ribs.    The  summit  of  the 
right  lobe  is  in  relation,  the  diaphragm  intervening,  with 
the  base  of  the  right  lung;  that  of  the  left  lobe  with  the 
heart,  pericardium,  and  a  portion  of  the  base  of  the  left 
lung.    The  upper  surface  of  the  liver  is  sometimes  marked 
by  furrows  extending  in  the  antero-posterior  direction, 
which,  when  the  organ  is  in  situ,  are  occupied  by  folds  of 
the  diaphragm.    These  depressions  have  usually  been 
ascribed  to  tight  lacing,  the  pressure  of  the  stays  being 
supposed  to  have  forced  the  ribs  and  diaphragm  into  the 
liver.    But  as  I  have  seen  these  furrows  almost  as  fre- 
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quently  in  men  as  in  women,  I  regard  them,  and  the  coin- 
cident depression  of  the  ribs,  as  congenital,  and  not  as 
artificially  produced. 


Fig.  19G.— The  Lungs  and  their  relations  to  the  Diaphragm,  Liver,  and  Stomach. 
IT,  to  X,  second  to  tenth  ribs ;  DD,  diiiphiagm ;  RL,  right,  and  LL,  left 
lung;  P,  pericardium;  S,S,  stomach:  F  is  placed  supei-flcial  to  its  fundus;  P, 
its  pylorus;  C  is  over  the  cardiac  orifice;  L,L,  the  liver;  G,  gall  bladder;  AC, 
ascending,  TC,  transverse,  and  DC,  descending  colon ;  U,  umbilicus ;  M,  right 
nipple.  Modified  from  Luschka. 

The  posterior  or  vertebral  border  of  the  liver  is  thick,  and 
rounded  at  its  right  extremity,  but  comparatively  thin  at 
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the  left.  It  is  attached  by  areolar  tissue  to  the  diaphragm, 
and  a  fold  of  peritoneum  called  the  coronary  ligament, 
pas.ses  from  it  to  the  under  surface  of  that  muscle.  The 
coronary  ligament  expands  at  its  extremities  into  the 
right  and  left  lateral  ligaments,  and  becomes  continuous 
with  the  posterior  border  of  the  falciform  ligament  opposite 
a  slight  depression  which  marks  the  separation  of  the  right 
from  the  left  lobe  of  the  liver.  The  posterior  border  is 
notched  for  the  lodgment  of  the  inferior  vena  cava. 

The  anterior  harder  of  the  liver  is  unattached,  thin, 
and  attenuated,  and  is  marked  by  a  deep  notch,  opposite 
the  anterior  edge  of  the  falciform  ligament,  which  lodges 
the  ro^lnd  ligament  of  the  liver.  This  notch  marks  the 
separation  of  the  right  from  the  left  lobe.  To  the  right  of 
this  round  ligament  is  a  shallow  notch  in  the  anterior 
border,  at  which  the  fundus  of  the  gall  bladder  may  be 
usually  seen  to  project;  at  this  spot  the  liver  overlaps  the 
ascending  part  of  the  duodenum. 

Of  the  two  extremities  of  the  liver  the  right  is  thick  and 
massive,  and  lies  deep  in  the  right  hypochondrium,  in  con- 
tact with  the  diaphragm ;  the  left  is  thin  and  attenuated, 
and  overlaps  the  oesophageal  opening  and  fundus  of  the 
stomach. 

The  inferior  or  visceral  surface  of  the  liver  is  much  more 
complex  in  form  than  the  upper. 

The  longitudinal  or  umbilical  fissure,  continuous  with  the 
notch  in  the  anterior  border  of  the  liver,  and  much  nearer 
to  the  left  than  the  right  extremity  of  the  gland,  divides  it 
into  a  large  right  and  a  small  left  lobe.  In  the  anterior 
part  of  the  fissure  the  round  ligament  formed  by  the  ob- 
literation of  the  umbilical  vein  of  the  foetus  is  lodged; 
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whilst  the  posterior  part  contains  a  slender  fibrous  cord 
formed  by  the  obliteration  of  a  vein  of  the  foetus,  named 
d^ictus  venosus.  '  The  longitudinal  fissure  is  often  bridged 
across  by  a  band  of  liver  substance  called  pons  liepatis. 
The  under  surface  of  the  left  lobe  is  smooth,  and  overlaps 
the  anterior  surface  of  the  stomach.    The  under  surface  of 


Fig.  197.— Under  surface  of  the  Liver.  R.  right,  L,  left  lobe ;  Q.  lobns  quad- 
r.itu3-  S,  lobus  Spigelil;  C,  lobus  caudatus;  p,  puns  hepatis;  longitudinal 
Assure;  transverse fissui-e ;  c/,  caudate  fissure;  «/,  f os.sa  for  vena  cava;  kf, 
fossa  for  liglit  kidney ;  G,  gall  bladder  in  its  fossa ;  u,  obliterated  umbilical 
vein;  r,  obliterated  ductus"  venosus ;  IV,  inferior  vena  cava;  A,  A,  hepatic 
veins;  p,  portal  vein;  A,  hepatic  artery;  D,  bUe  duct;  c,  oronary  ligament; 
U  and  rl,  left  and  right  lateral  ligaments;  S,  suspensory  ligament;  r,  round 
ligament. 

the  right  lobe  is  divided  into  smaller  lobes  by  fissures  and 
f ossEe.  Starting  from  about  the  middle  of  .the  longitudinal 
fissure  is  the  portal  or  transverse  fissure,  which  extends  for 
from  three  to  four  inches  across  the  under  surface  of  the 
right  lobe.  It  is  the  gate  {porta)  of  the  liver,  the  hilus 
or  fissure  of  entrance  into  the  organ  of  the  portal  vein, 
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hepatic  artery/hepatic  duct,  hepatic  nerves,  and  lynaphatics. 
A  short  distance  to  the  right  of  that  part  of  the  longi- 
tudinal fissure  in  which  the  round  ligament  lies,  is  the 
fossa  for  the  gall  bladder,  which  is  a  depression  on  the 
under  surface  of  the  right  lobe  extending  from  the  anterior 
border  to  the  transverse  fissure  :  in  it  the  gall  bladder  lies. 
Extending  somewhat  obliquely  from  the  posterior  border 
of  the  liver,  towards  the  transverse  fissure,  is  a  deep/ossa 
for  the  inferior  vena  cava,  which  lodges  this  great  vein 
before  it  pierces  the  diaphragm.    Sometimes  the  vena  cava 
is  bridged  across  by  a  prolongation  of  the  liver  substance. 
Opening  into  the  vena  cava  as  it  lies  in  this  fossa  are  the 
trunks  of  the  large  hepatic  veins  from  the  substance  of  the 
liver.    A  portion  of  liver  substance,  which  is  bounded  by 
the  gaU  bladder,  the  longitudinal  fissure,  the  transverse 
fissure,  and  the  anterior  border,  forms  a  four-sided  lobe 
called  lohus  quadratus.    Another  portion,  bounded  by  the 
transverse  fissure,  the  posterior  border,  the  vena  cava,  and  the 
longitudinal  fissure,  is  the  lohus  Spigelii.    A  thin  prolonga- 
tion of  liver  substance  continuous  with  the  lobus  Spigelii, 
and  running  obliquely  between  the  fossa  for  the  inferior 
cava  and  the  transverse  fissure,  is  the  lohus  caudatus.  The 
lobus  caudatus  is  rudimentary  in  the  human  liver,  but,  as 
W.  H.  Flower  has  pointed  out,  attains  a  considerable  mag- 
nitude in  many  mammals.    He  has  named  the  fissure, 
which  separates  it  from  the  adjacent  part  of  the  right  lobe, 
the  fissure  of  the  caudate  lohe.    To  the  right  of  the  fossae 
for  the  gaU  bladder  and  inferior  cava  are  two  shallow 
depressions  on  the  under  surface  of  the  right  lobe;  the 
more  anterior  marks  the  position  of  the  hepatic  flexure  of 
the  colon,  the  more  posterior,  the  upper  end  of  the  right 

3  A 


730 


ANATOMY. 


kidney  and  supra-renal  capsule.  As  the  liver  is  a  solid 
organ,  the  sound  which  is  elicited  by  percussing  the  wall 
of  the  abdomen  superficial  to  it  is  a  dull  sound.  But  as 
the  liver  has  three  resonant  structures  in  relation  to  it, 
viz.,  the  lung  above,  and  the  hepatic  flexure  of  the  colon 
and  the  stomach  below,  the  dull  sound  is  necessarily  modi- 
fied in  the  regions  occupied  by  those  organs.  As  the  heart 
is  in  relation  to  a  portion  of  the  upper  surface  of  the  liver, 
the  line  of  demarcation  in  that  locality  between  the  two 
organs  is  with  difficulty  discriminated  by  percussion. 

Structure  of  the  Liver. 

The  liver  is  a  solid  organ,  of  a  brownish-red  colour. 
It  is  composed  of  the  raoaifications  of  the  portal  vein, 
of  the  portal  capillaries,  the  hepatic  vein,  the  hepatic 
artery,  the  hepatic  duct,  of  secreting  cells,  nerves,  and 
lymphatics.  These  several  structures  are  bound  together 
by  connective  tissue,  and  the  organ  is  invested  by  the 
peritoneum.  The  liver  possesses  two  coats,  a  serous  and 
a  fibrous. 

The  serous  or  external  coat  is  a  part  of  the  peritoneal 
membrane,  and  forms  an  almost  complete  investment  for 
the  liver.  Where  the  gall  bladder  and  inferior  cava  lie  in 
contact  with  the  under  surface  it  is  prolonged  over  those 
bodies;  it  is  reflected  from  the  transverse  fissure  as  the 
gastro-hepatic  omentum,  and  from  the  upper  surface  and 
the  posterior  border  as  the  falciform,  coronary,  and  right 
and  left  lateral  ligaments. 

The  fibrous  coat,  or  tunica  propria,  is  immediately  sub- 
jacent to  the  serous  coat,  and  is  so  closely  adherent  to  it  as 
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to  be  separated  from  it  with  difficulty ;  but  along  the  lines 
of  reflection  of  the  ligaments  from  the  hver,  at  the  trans- 
verse fissure,  and  at  the  fossae  for  the  gall  bladder  and 
inferior  cava,  it  can  be  readily  recognised  as  a  definite 
fibrous  membrane.  When  carefully  raised  from  the  liver 
delicate  processes  of  areolar  tissue  may  be  seen  to  pass  from 
its  deep  surface  into  the  substance  of  the  organ.  At  the 
transverse  fissure  it  is  prolonged  into  the  liver  as  a  very 
distinct  sheath,  enveloping  the  portal  vein,  hepatic  artery, 
hepatic  duct,  nerves,  and  lymphatics.  This  sheath  is 
named  the  capsule  of  Glisson,  and  is  prolonged  throughout 
the  substance  of  the  organ,  along  the  ramifications  of  the 
.  portal  vein,  and  the  structures  that  accompany  it. 

Lohules  of  the  Liver. — To  the  naked  eye  the  substance 
of  the  liver  does  not  pre- 
sent a  homogeneous  aspect, 
but  is  mottled,  and  mapped 
out  into  multitudes  of 
small  areas  or  lobules, — the 
hepatic  lohtles  or  leaflets. 
The  lobules  of  the  liver 
are  irregular  polygons,  and 
vary  in  size  from  ^th  to 
^\th  of  an  inch.  In  man 
and  the  mammalia  gene- 
rally, the  lobules  are  im. 
perfectly  separated  from 
each  other  by  the  inter- 
lobular vessels  and  duct, 
and  a  scarcely  appreciable  quantity  of  areolar  connective 
tissue.    In  the  pig,  as  is  well  known,  each  lobule  is  circum- 


Fio.  198.— Section  through  the  liver  of 
a  Ciimel,  to  show  the  lobules,  ct,  capsule 
of  connective  tissue;  i,  divided  inter- 
lobular vein,    X  10. 
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scribed  by  a  definite  capsule  of  connective  tissue,  and  tlie 
capsules  of  adjacent  lobules  blend  with  each  other.  In  the 
camel  the  observations  of  Goodsir  showed  that  the  capsules 
of  connective  tissue  were  thicker  and  more  distinct  than  in 
the  *pig.  In  the  polar  bear,  Johannes  Miiller  has  described 
the  lobules  as  distinct  and  easily  separable  from  each  other ; 
and  Hyrtl  has  observed  a  similar  appearance  in  the  liver 
of  the  South  American  rodent,  Octodon  Cumingii.  The 
capsule  of  connective  tissue  is  continuous  with  Glisson's 
capsule,  which  invests  the  interlobular  vessels,  and,  in  the 
case  of  the  lobules  lying  next  the  surface  of  the  liver. 


Fig  199  —  The  under  surface  of  the  Liver,  dissected  to  show  the  ramifications  of 
the  vessels  in  its  substance,  a,  inferior  vena  cava ;  66,  hepatic  veins;  c,  c,  hepatic 
aitery ;  dd,  portal  vein;  e,  e,  hepatic  duct;  g,  gaU  Ijladder;  h,  round  ligament. 

with  the  delicate  processes  of  the  fibrous  coat  which  pass 
into  the  substance  of  the  organ.) 
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'  As  a  lobule  of  tlie  liver  is  a  liver  in  miniature,  and  as 
the  structure  of  the  entire  liver  is  the  sum  of  the  structure 
of  its  constituent  lobules,  it  will  be  necessary  to  examine 
with  care  the  constituent  parts  of  a  lobule,  and  the  arrange- 
ment of  the  vessels,  duct,  and  nerves  which  pass  to  and 
from  it.  A  hepatic  lobule  is  composed  of  blood-vessels, 
secreting  cells,  and  bile  ducts,  with  perhaps  nerves  and 
lymphatics.  The  blood-vessels  will  first  be  considered. 
The  liver  receives  its  supply  of  blood  through  two  vessels, 
the  portal  vein  and  hepatic  artery,  and  the  blood  brought 
by  both  these  vessels  leaves  the  liver  through  the  large 
hepatic  vein. 

The  portal  vein  conveys  to  the  liver  the  venous  blood 
from  the  stomach,  spleen,  pancreas,  gall  bladder,  and 
small  and  large  intestine.  It  ascends  to  the  transverse 
fissure,  and  before  it  enters  the  liver  divides  into  two 
branches,  one  for  the  right  and  one  for  the  left  lobe.  In 
its  course,  within  the  liver,  the  portal  vein  divides  and 
subdivides  after  the  manner  of  an  artery.  It  is  closely 
accompanied  by  the  hepatic  artery  and  duct,  and,  along 
with  them,  is  invested  by  the  fibrous  sheath,  called  Glis- 
son's  capsule.  The  terminal  branches  of  the  portal  vein 
run  between  the  lobules,  and  are  named,  from  their  posi- 
tion, the  interlobular  branches.  The  interlobular  branches 
lie  around  the  circumference  of  a  lobule,  and  anastomose 
with  each  other.  They  partly  terminate  directly  in  a  capil- 
lary network  situated  within  the  lobule,  and  partly  give 
off  fine  branches,  which  enter  the  lobule  before  they  end 
in  the  capillary  network.  The  intralobular  capillaries  form 
a  close  network,  which  converges  from  the  periphery  of 
the  lobule,   where  they  spring  from   the  interlobular 
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branches  of  the  portal  vein,  to  the  centre  of  the  lobule, 

where  they  termi- 
nate in  the  intra- 
lobular or  central 
vein,  one  of  the  root- 
lets of  the  hepatic 
vein.  In  man, 
where  the  lobules 
are  not  separated 
from  each  other  by  a 

Fio.  200. — ^I'ransverse  section  through  the  hepatic 
Lobules,   i,  i,  i",  interlobular  veins  ending  in  the     distinct  Capsule,  the 
intralobular  capillaries,     c,  c,  central  veins  joined  _  _ 

by  the  intralobular  capillaries.  At  a,  a,  the  capillaries  of  One 
capillaries  of  one  lobule  communicate  with  those 

adjacent  to  it.  From  an  injection  by  T.  A.  Carter,  lobule  to  SOme  ex- 
tent communicate  with  those  of  adjacent  lobules. 

The  Tiepaiic  artery,  a  branch  of  the  coeliac  axis,  closely 
accompanies,  as  already  stated,  the  portal  vein,  and  divides 
into  two  branches,  for  the  right  and  left  lobes.  It  enters  the 
trausverae  fissure  and  ramifies,  along  with  the  portal  vein, 
through  the  substance  of  the  liver.  It  is  the  nutrient 
artery  of  the  liver,  and  gives  off  three  series  of  branches : 
a,  vaginal  branches,  which  are  distributed  to  the  walls  of 
the  portal  vein,  the  hepatic  duct,  and  to  Gbsson's  capsule, 
probably  also  to  the  wall  of  the  hepatic  vein.  They  end 
in  a  capillary  network  in  these  structures,  from  which 
vaginal  veins  arise  that  terminate  in  the  portal  vein.  J, 
capsular  branches,  which  are  distributed  to  the  fibrous  coat 
of  the  liver  and  end  in  a  capillary  network,  from  which 
arise  capsular  veins  that  join  the  portal  vein.  The  capsular 
branches  anastomose  with  the  diaphragmatic  arteries,  in 
the  areolar  tissue  which  attaches  the  posterior  border  of  the 
liver  to  the  diaphragm,  and  sundry  offshoots  which  pafia 


LIVER. 


735 


between  the  layers  of  the  suspensory  ligament,  anastomose 
with  the  epigastric  branch  of  the  internal  mammary  artery. 
c,  interloUdar  branches  of  the  hepatic  artery  lie  along  with 
the  interlobular  branches  of  the  portal  vein,  and  end  in  the 
capillary  network  within  the  lobules. 

The  hepatic  vein  arises  within  the  substance  of  the  liver 
from  the  intra-lobular  capillaries.    In  the  centre  of  each 
lobule  is  the  intra-lobular  or  central  vein.    It  traverses  the 
axis  of  the  lobule, 
and  leaves  it  to  join 
a  small  vein  run- 
ning immediately 
under  the  bases  of 
adjacent  lobules, 
which,    from  its 
position,  is  named 
the  sub-lobular  vein. 
Adjacent  sub-lobu. 
lar  veins  then  join 
together,  and  form 
larger  vessels  which 
are  the  trunks  of 
the  hepatic  vein,  or  the  hepatic  venous  canals.  These 
trunks  run  towards  the  posterior  border  of  the  liver,  and 
open  into  the  inferior  vena  cava.    The  sub-lobular  veins 
and  hepatic  venous  trunks  differ  from  the  branches  of  the 
portal  vein  in  the  following  particulars : — They  are  not 
accompanied  by  other  vessels  j  they  are  not  invested  by 
Glisson's  capsule,  and  are  more  or  less  closely  adherent  to 
the  surrounding  lobules ;  they  gape,  and  do  not  collapse 
when  the  liver  is  cut  through ;  their  coats  are  so  thin  that 


Fig.  201.— Vertical  section  tlirongh  two  hepatic 
Lobules  of  a  pig.  c,  c,  central  veins  receiving  the 
intrn-lobular  capillaries,  s,  sub-lol)ular  vein,  cl, 
interlobular  connective  tissue  foi-ming  thefcapsules 
of  the  lobules ;  i,  i,  interlobular  veins.  From  an 
Injection  by  T.  A.  Carter. 
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the  lobules  can  be  seen  through  them ;  they  have  no  rela- 
tion to  the  transverse  fissure. 

-From  this  description  of  the  vascular  arrangements 
within  the  liver,  it  will  be  seen  that  the  intra-lobular  capil- 
laries are  continuous  with  three  vascular  trunks,  two 
which  carry  blood  to  them,  the  portal  vein  and  the  hepatic 
artery  ;  one  which  conveys  the  blood  away  from  them,  the 
hepatic  vein.  The  communication  in  each  case  is  so  free 
that  the  capillaries  can  be  artificially  injected  from  any 
one  of  these  vessels.  v .. .  • 

The  secreting  cells  of  the  liver,  hepatic  cells,  form  the 
proper  parenchyma  of  the  organ.  They  are  situated 
within  the  lobules,  and  occupy  the  spaces  of  the  capillary 
network.  The  cells  vary  in  diameter  from  g^-^th  to  xT^tli 
inch  ;  they  have  the  form  of  irregular  polyhedrons,  with 
from  four  to  seven  sides,  and  with  the  angles  sometimes 
sharp,  at  others  rounded.  They  do  not  appear  to  possess 
definite  walls,  but  have  a  distinct  nucleus.  The  cell  pro- 
toplasm is  granular,,  and  usually  contains  fat  drops  and 
yellow  particles,  apparently  bile  pigment.    Colourless  gra- 


FiG.  202.— Ti'ansverBe  section  through 
Lobules  of  human  liver  to  show  the 
columns  of  secreting  cells.  c,c,  central 
veins;  i,  interlobular  vein  with  a  fine 
sheath  ot  connective  tissue.   X  10. 


nules,  believed  to  be  gly- 
cogenic, are  also  infiltrated 
through  the  protoplasm. 
Amoeboid  movements  have 
been  observed  to  take 
place  in  these  cells,  when 
isolated  from  each  other. 
W.  Krause  states  that 
fusiform  cells  sometimes  lie 
between  the  polyhedral 
cells.   The  general  arrange- 


LIVER. 


737 


ment  of  the  cells  Hs  in  rows  or  columns,  and  when 
sections  are  made  through  a  lobule,  transverse  to  the  long 
axis  of  the  central  vein,  the  columns  of  cells  are  seen  to 
converge  from  the  periphery  to  the  centre  of  the  lobule, 
and  to  form  a  network. 

By  many  observers  the  cells  are  regarded  as  in  contact 
with  the  intra-lobular  capillaries,  without  the  intervention 
of  an  intermediate  membrane. 

By  others,  and  more  especially  by  Lionel  Beale,  the 
secreting  cells  are  regarded  as  enclosed  in  a  tubular  net- 
work, the  wall  of  which  is  formed  by  a  basement  mem- 
brane. Beale  states  that  the  diameter  of  the  network  is 
usually  about  xrsir*^  ^^'^^  ^  mammals.  Accord- 
ing to  this  view,  the  cells  are  not  in  direct  contact  with  the 
capillary  blood-vessels,  but  separated  from  them  by  the 
basement  membrane.  In  some  parts  of  the  lobule  Beale 
has  been  able  to  demonstrate  the  basement  membrane  as 
distinct  from  the  wall  of  the 
capillaries,  but  usually  they  are: 
incorporated  together.  At  the 
periphery  of  the  lobule  the  mem- 
brane becomes  continuous  with 
the  wall  of  the  interlobular  duct. 
I  have  seen  in  the  liver  of  the 
camel  delicate  bars  of  connective 
tissue,  prolonged  from  the  capsule 
of  the  lobule  between  the  columns 
of  secreting  cells,  so  as  to  form 
a  sustentacular  tissue  quite  dis- 
tinct from  the  network  of  blood 
capillaries. 


Fig.  203.— Portion  of  the  lobule 
of  a  camel's  livei'.  cif,  capsu- 
lar connective  tissue  ;  ct',  in- 
tralobular prolongations  of 
tlie  capsule  between  the  col- 
umns of  cells.   X  300. 
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The  hepatic,  or  hile  duct,  is  the  tube  that  conveys  the 
bile  out  of  the  liver.  It  leaves  the  transverse  fissure  as 
two  branches,  one  from  the  right,  another  from  the  left 
lobe,  which  almost  immediately  unite  at  an  acute  angle. 
As  already  stated,  it  closely  accompanies  within  the  liver 
the  ramifications  of  the  portal  vein  and  hepatic  artery,  and 
its  terminal  branches  pass  between  the  lobules  to  form  the 
interlobular  branches  of  the  duct.  If  the  hepatic  duct  be 
injected,  not  only  does  the  injection  fiU  the  interlobular 
ducts,  but  it  flows  into  a  set  of  excessively  miimte  passages 
within  the  lobules  themselves.  These  passages  are  ar- 
ranged so  as  to  form  a  polygonal  network,  which  may 
appropriately  be  called  the  intralobular  biliary  network. 
This  network  has  a  most  intimate  relation  to  the  polyhedral 
hepatic  cells,  for  the  passages  lie  between  the  flattened 
sides  of  adjacent  cells,  so  that  each  cell  is  enclosed  in  a 
mesh  of  the  network. 

The  German  observers,  who  first  directed  attention  to 
these  passages,  named  them  bile-capillaries,  and  Macgil- 
lavry,  Frey,  and  Eberth  supposed  that  they  possessed  an 
independent  wall,  distinct  from  the  hepatic  cells  between 
which  they  are  situated.  But  it  is  doubtful  if  such  a  wall 
exists,  and  it  seems  much  more  probable  that  they  are 
merely  intercellular  passages  bounded  by  the  protoplasm  of 
the  hepatic  cells. 

The  intra-lobular  biliary  network  differs  from  the  intra- 
lobular blood  capillary  network,  not  only  in  the  character 
of  the  fluid  conveyed,  but  in  other  important  particulars. 
The  bile  passages  have  a  transverse  diameter  of  about 
J^th  that  of  the  blood  capillaries :  the  passages  are  in 
relation  to  the  sides  of  the  cells,  the  bbod  capiUaries  to 
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their  angles,  so  that  the  two  systems  of  networks  are  not 
in  contact  with  each  other,  but  are  separatedby  intervening 
hepatic  cell  substance ;  the  passages  have  not,  in  all  pro- 
bability, an  independent  wall,  such  as  is  possessed  by  the 
blood  capillaries. 

As  these  passages  can  be  injected  from  the  hepatic  duct, 
and  as  they  convey  bile  from  the  interior  of  the  lobule  into 
the  duct,  it  is  obvious  that  they  must  be  continuous  with 
the  lumen  of  the  interlobular  branches  of  the  duct,  at  the 
periphery  of  the  lobules.  The  wall  of  an  interlobular 
duct  consists  of  a  membrana  propria,  lined  by  columnar 
epithelium.  From  this  duct  fine  branches  enter  the  peri- 
phery of  the  lobule,  and  the  epithelial  lining  abuts  on  and 
assumes  the  character  of  the  rows  of  hepatic  cells,  v^hilst 
the  intercellular  passages  of  the  biliary  network  become 
continuous  with  the  lumen  of  the  duct. 

The  wall  of  the  larger  bile  ducts  is  formed  of  a  fibre- 
elastic  tissue,  with  a  proportion  of  non-striped  muscular 
fibre :  it  is  lined  by  a  columnar  epithelium.  Opening 
into  the  larger  ducts  are  numerous  orifices,  which  com- 
municate with  branched  coecal  tubes  and  follicles,  situated 
within  and  clustered  around  the  walls  of  the  larger  ducts, 
often  in  considerable  numbers.  Some  of  these  appendages 
to  the  duct  doubtless  serve  as  glands  for  the  secretion  of 
mucus,  but  others  are  probably,  as  Beale  supposed,  mere 
diverticula  of  the  duct,  in  which  the  bUe  may  be  tem- 
porarily retained,  as  in  the  gall  bladder. 

The  hepatic  duct  also  gives  origin  to  some  aberrant 
ducts,  which  were  described  by  Kiernan  and  Henle  as 
passing  into  the  left  lateral  ligament  of  the  liver,  and 
into  the  fibrous  bands,  which  sometimes  bridge  over  the 
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fossa  for  the  vena  cava  and  the  fissure  for  the  umbilical' 
vein.  They  anastomose  freely  with  each  other  in  these 
localities,  and  have  blind  terminations ;  they  are  not  sur- 
rounded by  hepatic  lobules.  They  are  lined  by  columnar 
epithelium. 

The  lymphatics  of  the  liver  form  a  superficial  and  a 
deep  set.  The  superficial  set  ramifies  beneath  the  serous 
coat,  where  it  forms  a  network.  Each  capsular  branch  of 
the  hepatic  artery  is,  according  to  T.  A.  Carter,  accom- 
panied by  a  pair  of  lymphatics,  which  are  connected 
together  at  intervals  by  short  transverse  branches,  so  that 
the  artery  is  more'  or  less  ensheathed  by  lymphatics. 
The  deep  lymphatics  accompany  the  portal  vein  and 
hepatic  artery  as  far  as  the  intervals  between  the  lobules, 
where  they  form  interlobular  lympliatics,  which,  like  the 
corresponding  branches  of  the  portal  vein,  run  around  the 
lobule.  Carter  has  traced  into  the  lobule  towards  its 
centre  minute  branches  of  the  interlobular  lymphatics; 
Macgillavry  considers  that  the  intra-lobular  capillaries 
are  surrounded  by  lymph  spaces ;  A.  Budge  has  injected 
lymph-vessels  in  the  wall  of  the  central  vein  of  the  hepatic 
lobules,  and  Kolliker  has  observed  lymphatics  surrounding 
the  hepatic  vein.  Kisselew  has  described  lymj)h-follicles 
in  relation  to  the  interlobular  lymphatics  of  the  pig. 

The  nerves  of  the  liver  arise  from  the  cceliac  plexus  of 
the  sympathetic  and  from  the  left  pneumogastric.  They 
accompany  the  portal  vessels  in  their  distribution,  and 
supply  the  muscular  coats  of  the  vessels.  According  to 
Pfliiger,  nerves  may  be  traced  to  the  secreting  cells  within 
the  lobules. 

The  obliterated  umbilical  vein,  to  which  reference  has 
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been  made  in  the  description  of  the  round  ligament  of  the 
Hver,  is  an  important  vessel  in  the  foetus.    It  conveys  the 
blood  from  the  placenta,  enters  the  abdominal  cavity  at  the 
umbilicus,  afid  ascends  to  the  longitudinal  fissure  on  the 
under  surface  of  the  liver.    Here  it  divides  into  three 
branches;  one  joins  the  portal  vein,  and  conveys  the  blood 
through  that  vessel  into  the  intra-lobular  capillaries  and 
hepatic  vein ;  another  enters  the  liver,  and  divides  into 
branches,  which  terminate  in  the  intra-lobular  capillaries ; 
the  third  continues  in  the  longitudinal  fissure  under  the 
name  of  ductus  venosus,  and  joins  directly  the  inferior 
vena  cava.     The  blood  of  the  umbilical  vein  ultimately 
reaches,  therefore,  the  inferior  cava,  either  directly  or 
by  passing  through  the  hepatic  circulation.     When  the 
umbilical  cord  is  tied  after  the  birth  of  the  child,  the  con- 
nection with  the  placenta  is  severed,  and  the  umbilical 
vein  and  ductus  venosus  shrivel  up  into  fibrous  cords. 

The  Gall  Bladder  is  a  reservoir  for  the  bile,  situated 
in  a  fossa  on  the  under  surface  of  the  right  lobe  of  the 
liver,  and  in  a  notch  in  its  anterior  border  (fig.  197).  It 
is  pyriform  in  shape,  its  larger  end,  or  fundus,  projects 
beyond  the  anterior  border;  its  opposite  end,  or  neck, 
gives  origin  to  the  cystic  duct,  which  is  directed  to- 
wards the  transverse  fissure;  after  a  course  of  1|  inch,  it 
joins  the  hepatic  duct,  and  forms  the  common  bile  duct, 
ductus  communis  choledochus.  At  its  neck,  the  gall 
bladder  bends  on  itself  in  a  sigmoid  curve.  The  gall 
bladder  is  three  or  four  inches  long,  and  can  hold  from 
one  to  two  oz.  of  bile.  It  is  attached  to  the  liver  partly 
by  areolar  tissue,  and  partly  by  the  peritoneum,  which  is 
reflected  over  its  free  surface. 
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Structure.~ln  addition  to  its  partial  serous  coat,  the 
gall  bladder  has  a  fibrous  and  mucous  coat.  The  fibrous 
coat^  consists  of  interlacing  bands  of  connective  tissue,  with 
which  non-striped  muscular  fibres  are  sparingly  inter- 
mingled. The  mucous  Tnemhrane  lining  the  gall  bladder  is 
deeply  bHe-stained,  and  presents  on  its  free  surface  an 
alveolar  appearance,  due  to  the  presence  of  multitudes  of 
minute  folds,  which  form  a  reticulum  with  intermediate 
depressions.  This  surface  is  covered  by  columnar  epithe- 
lium. The  mucous  lining  of  both  the  neck  of  the  gall- 
bladder and  cystic  duct  is  thrown  into  folds,  which  in  the 
duct  have  an  oblique  direction,  and  form  the  spiral  valve. 
Racemose  glands,  for  the  secretion  of  mucus,  occur  in  the 
wall  of  the  gaU  bladder,  cystic  duct,  and  common  bile 
duct.  The  gall  bladder  is  supplied  with  blood  by  the 
cystic  branch  of  the  hepatic  artery.  It  receives  lymphatics 
and  nerves  continuous  with  those  which  belong  to  the 
liver. 

The  Common  Bile  DwA,  formed  by  the  junction  of  the 
cystic  and  hepatic  ducts,  is  about  3  inches  long,  and 
conveys  the  bDe  into  the  duodenum.  It  lies  in  the  gastro- 
hepatic  omentum  between  its  two  layers,  having  the 
hepatic  artery  to  its  left,  and  the  portal  vein  behind  it. 
It  then  inclines  behind  the  duodenum  to  the  inner  side  of 
its  descending  part,  where  it  comes  into  relation  with  the 
l^ancreatic  duct.  The  two  ducts  then  run  together  in  an 
oblique  direction  through  the  wall  of  the  duodenum,  and 
open  on  the  summit  of  a  papilla,  by  a  common  orifice, 
about  the  junction  of  the  descending  and  transverse 
portions  of  the  duodenum. 
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The  Pancbeas, 

The  Pancreas  is  an  elongated  gland  whicli  lies  in 
relation  to  the  posterior  wall  of  the  abdomen,  in  front  of 
the  first  lumbar  vertebra,  and  extends  obliquely  from  the 
right  lumbar  region  through  the  epigastrium  into  the  left 
hypochondriac  region.  It  is  from  6  to  8  inches  long,  and 
whilst  its  dilated  right  extremity,  or  head,  occupies  the 
horse-shoe  curve  of  the  duodenum,  and  is  attached  by 
areolar  tissue  to  the  descending  and  transverse  portions, 
its  attenuated  left  extremity,  or  tail,  is  in  relation  to  the 
spleen.  Anterior  to  the  pancreas  is  the  pyloric  end  of  the 
stomach  and  a  portion  of  the  posterior  surface  of  that 
organ,  but  between  the  stomach  and  pancreas  is  the  lesser 
cavity  of  the  peritoneum,  and  the  anterior  surface  of  the 
pancreas  is  covered  by  the  layer  of  peritoneum,  which 
forms  the  posterior  boundary  of  that  cavity.  It  is 
attached  behind  by  areolar  tissue  to  the  crura  of  the 
diaphragm,  the  splenic  and  superior  mesenteric  vessels, 
the  portal  vein,  the  aorta,  inferior  vena  cava,  left  kidney, 
and  supra-renal  capsule.  A  prolongation  of  the  gland, 
named  the  accessory  or  lesser  pancreas,  usually  surrounds 
the  superior  mesenteric  artery  at  its  origin. 

Structure. — The  pancreas  is  one  of  the  compound 
racemose  glands,  and  resembles  generally  in  structure 
the  mucous  and  salivary  glands  of  the  mouth  and  the 
glands  of  Brunner  (fig.  191),  It  is  sometimes  called  the 
abdominal  salivary  gland,  and  its  secretion  flows  into 
the  duodenum,  and  assists  in  the  process  of  chylifica- 
tion.    It  has  a  yellowish  creamy  colour,  and  is  divided 
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into  distinct  lobules  by  septa  of  connective  tissue.  The 
excretory  duct,  or  duct  of  Wirsung,  is  completely  sur- 
rounded by  the  lobules,  and  extends  from  the  tail  to  the 
head  of  the  gland,  receiving  in  its  passage  the  numerous 
secondary  ducts,  and  increasing  gradually  in  size.  It 
leaves  the  head  of  the  gland,  comes  into  relation  with  the 
common  bile  duct,  and  with  it  pierces  obliquely  the 
posterior  wall  of  the  descending  part  of  the  duodenum,  to 
open  by  a  common  orifice  about  the  junction  of  the 
descending  and  transverse  portions.  Sometimes  the  duct 
from  the  accessory  part  of  the  pancreas  opens  indepen- 
dently into  the  duodenum,  a  little  above  the  common 
hepatico-pancreatic  orifice.  The  finest  ducts  within  the 
gland  terminate  in  the  acini,  or  gland  vesicles  of  the 
lobules.  These  acini  contain  the  secreting  cells,  which 
have  a  somewhat  cubical  form.  Minute  channels  or  inter- 
cellular passages  have  been  described  by  Saviotti,  be- 
tween the  secreting  cells,  similar  to  those  already  referred 
to  in  the  acini  of  the  salivary  glands.  The  ducts  are 
lined  by  a  columnar  epithelium,  and  mucous  glands  are 
situated  in  the  mucous  membrane  lining  the  duct  of 
"Wirsung.  The  pancreas  receives  its  supply  of  blood  from 
the  pancreatic  branches  of  the  splenic  artery,  the  inferior 
pancreatico-duodenal  of  the  superior  mesenteric,  and  the 
superior  pancreatico-duodenal  of  the  gastro-duodenal  of 
the  hepatic.  Its  veins  join  the  splenic  and  superior 
mesenteric  veins,  and  through  them  contribute  to  the  for- 
mation of  the  portal  vein.  Its  blood  capillaries  are 
abundantly  distributed  on  the  walls  of  the  gland  vesicles. 
Lymph  vessels  are  found  in  the  connective  tissue  between 
the  lobules.     The  nerves  are  derived  from  the  solar 
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plexus,  and  accompany  the  arteries  ;  they  are  believed  by 
Pfliiger  to  have  a  similar  mode  of  termination  to  that 
described  by  him  in  the  salivary  glands  (p.  658). 

The  Teeth. 

The  Teeth  are  calcified  organs  developed  in  connection 
with  the  mucous  membrane  of  the  mouth.  Their  primary 
use  is  that  of  biting  and  grinding  the  food ;  but  in  man 
they  serve  as  aids  to  speech,  and  in  many  animals  act  as 
instruments  of  offence  and  defence. 

An-angement  and  Form  of  tJie  Teeth. 

Teeth  are  present  in  the  greater  number  of  the  mam- 
malia, in  which  class  they  are  implanted  in  sockets  in  the 
alveolar  arches  of  the  bones  of  the  upper  and  lower  jaws, 
and  form  only  a  single  row  in  each  arch.  In  a  few 
mammals,  as  the  toothed  whales  and  the  sloths,  only 
one  generation  of  teeth  is  produced,  and  when  these  drop 
out,  they  are  not  replaced  by  successors ;  these  animals 
are  called  Monophyodont.  In  the  majority  of  the  mam- 
malia, however,  there  are  two  generations  of  teeth;  a 
temporary  or  milk  set,  which  are  deciduous,  and  are 
replaced  by  a  permanent  or  adult  set ;  these  animals  are 
called  Diphyodont.  But  in  speaking  of  two  generations 
of  teeth  it  is  not  to  be  supposed  that  all  the  teeth  in  the 
adult  jaw  have  had  temporary  predecessors,  for  the  molar 
or  back  teeth  have  only  a  single  generation.  A  few 
mammals,  as  the  toothed  whales,  have  the  teeth  uniform 
in  size,  shape,  and  structure,  and  are  named  Homodont ; 
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but,  in  the  majority  of  the  mammalia,  the  teeth  in  the 
same  jaw  vary  in  size,  form,  and  structure,  and  are  there- 


FlG.  204.— 1,  A  human  upper  Incisor   teeth  pOSSeSSeS  a  CrOWHl,  whlch 
Tooth,  c,  thejcrown;  J!,  neck  ;/,  ihe 

fang.  2,  a  section  through  a  molar  prOjectS  mto  the  Cavitv  of  the 
tooth ;  e,  cap  of  enamel ;  c,  cement ; 

d,  dentine;  i),  pulp  cavity.  tnouth,  and  a.fang  lodged 

in  the  socket  in  the  jaw ;  at  the  junction  of  the  crown 
and  fang  there  is  usually  a  constriction  named  the  neck 
of  the  tooth. 

In  Man  the  dentition  is  Diphyodont  and  Heterodont. 
The  single  row  of  teeth  in  each  alveolar  arch  of  the  human 
jaw  is  characterised  by  the  crowns  of  the  teeth  being  of 
almost  equal  length,  and  by  the  absence  of  any  great 
interspace,  or  diastema,  between  the  different  teeth,  or  of 
irregularities  in  the  size  of  the  interspaces,  so  that  the 


teeth  form  an  unbroken  series  in  each  jaw.  The  span  of 
the  upper  dental  arch  is  slightly  bigger  than  that  of  the 
lower,  so  that  the  lower  incisors  fit  within  the  upper,  and 
the  lower  molars,  being  incUned  obliquely  upwards  and 
inwards,  are  somewhat  overlapped  by  the  upper  molars. 
The  upper  and  lower  dental  arches  terminate  behind  in 
line  with  each  other,  and  the  teeth>re  equal  in  number 

in  the  two  jaws. 

Man  possesses  32  teeth  iu  his  permanent  dentition, 
arranged  in  four  groups,  viz.— 8  incisors,  4  canines,  8 


/ 


2 


fore  called  Heterodont.  In 
every  Heterodont  mammal, 
possessing  a  complete  denti- 
tion, four  groups  of  teeth  are 
found,  which  are  named  in- 
cisor, canine,  premolar,  and 
molar  teeth.    Each  of  these 
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premolars  or  bicuspids,  and  12  molars.  The  number  and 
arrangement  of  the  teeth  in  the  two  jaws  is  expressed  in 
the  following  formula  : — 


Formula  of  Permanent  Dentition. 

m.     pm.       c.       in.  in.       c.       pm.  m. 

3       2.      1        2  2       1        2  3 

3       2       1       2  2       1  2 

Man  possesses  only  20  teeth  in  his  milk  or  temporary 
dentition,  and  their  arrangeraent  is  expressed  in  the  fol- 
lowing formula : — 

Formula  of  Temporary  Dentition. 

m.  c.  in. 
2       1  2 

2       I  2" 

If  the  temporary  and  permanent  formulae  be  compared 
with  each  other,  it  will  be  seen  that,  while  the  incisors 
and  canine  teeth  correspond  in  numbers  in  both  dentitions, 
in  the  temporary  dentition  there  is  an  absence  of  pre- 
molars, and  the  molar  teeth  are  only  8,  instead  of  12  in 
number. 

The  characters  of  the  permanent  teeth  will  now  be  con- 
sidered. 

The  Incisor  Teeth,  eight  in  number,  are  lodged  in  the 
front  of  the  jaws,  two  on  each  side  of  the  mesial  plane. 
The  upper  incisors  project  downwards  and  forwards,  the 
lower  are  directed  almost  vertically  upwards.  The  oblique 
direction  of  the  upper  incisors  in  the  Negroes,  Caflfres, 


m. 


m. 


=  20. 
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and  Australians  adds  to  the  prognathic  form  of  the  face 
possessed  by  these  races.  The  central  pair  of  upper 
incisors  are  larger  than  the  lateral :  whilst  the  lateral 
pair  of  lower  incisors  are  larger  than  the  central  pair, 
wMch  are  the  smallest  incisor  teeth.  The  crowns  of  the 
incisor  teeth  are  chisel-shaped,  and  adapted  for  biting 
and  cutting  the  food;  the  anterior  or  labial  surface  is 
convex,  the  posterior,  palatal,  or  lingual  surface  is  con- 
cave. When  the  crown  is  first  erupted  the  cutting  edge  is 
minutely  serrated,  but  the  serrations  soon  wear  down  by  use. 
The  fangs  are  long  and  single;  being  in  the  upper  incisors 
round  and  fusiform,  in  the  lower  laterally  compressed,  and 
sometimes  marked  by  a  longitudinal  groove.  Although 
the  human  incisors  are,  as  the  name  implies,  cutting, 
chisel-shaped  teeth,  in  many  mammals  the  incisors  are 
greatly  modified  in  form,  as  for  example  in  the  tusks  of 
the  elephant.  The  determination  of  the  incLsor  teeth 
does  not  depend,  therefore,  on  their  form,  but  on  their 
position  in  the  jaws.  The  name  incisor  is  given  to  the 
teeth  situated  in  the  pre-maxillary  portion  of  the  upper 
jaw,  and  in  the  anterior  end  of  the  lower  jaw,  whatever 
their  shape  may  be. 

The  Canine  or  Unicuspid  Teeth,  four  in  number,  one 
on  each  side  of  the  mesial  plane  of  each  jaw,  are  placed 
next  the  lateral  incisors.  They  are  bigger  than  the  incisor 
teeth,  and  the  upper  cam'nes,  which  are  sometimes  called 
the  eye-teeth,  are  larger  than  the  lower ;  the  fangs  of  the 
upper  canines  are  lodged  in  deep  sockets  in  the  superior 
maxillte,  which  extend  towards  the  floor  of  each  orbit. 
The  crowns  of  these  teeth  are  thick  and  conical,  convex 
on  the  labial  surface,  concave  on  the  lingual ;  the  fangs 
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are  long,  single,  conical,  compressed  on  the  sides  where 
they  are  marked  by  a  shallow  groove.  In  many  mammals 
these  teeth  are  developed  into  large  projecting  tusks, 

The  Premolar  or  Bicuspid  Teeth,  eight  in  number,  two 
on  each  side  of  the  mesial  plane  of  each  jaw,  lie  imme- 
diately behind  the  canines,  and  the  upper  bicuspids  are 
somewhat  larger  than  the  lower.  The  crown  is  quad- 
rilateral in  form,  and  convex  both  on  the  inner  and  outer 
surfaces.  '  It  possesses  two  cusps,  of  which  the  outer  or 
labial  is  larger  and  more  projecting  than  the  inner, 
palatal,  or  lingual  cusp.  The  fangs  of  the  upper  bicus- 
pids are  single  and  laterally  compressed;  often  bifid  at 
the  point  into  an  outer  and  an  inner  segment;  in  the 
lower  bicuspids  the  fangs  are  rounded,  and  taper  to  a 
single  point. 

The  Molar  or  Multicuspid  Teeth,  twelve  in  number, 
are  placed  three  on  each^side  of  the  mesial  plane  of  each 
jaw.  They  are  the  most  posterior  teeth,  are  the  largest 
of  the  series,  and  as  a.  rule  decrease  in  size  from  the  first 
to  the  last ;  the  crowns  of  the  lower  molars  are  somewhat 
bigger  than  those  of  the  upper  molars.  The  last  molar 
tooth  does  not  erupt  until  the  end  of  puberty,  and  is 
called  dens  sapientice  or  Wisdom  Tooth.  The  crowns  are 
broad,  quadrilateral,  and  convex  both  on  the  inner  and 
outer  surfaces.  The  first  and  second  upper  molars  have 
four  cusps  projecting  from  the  angles  of  the  grinding  or 
masticating  surface,  and  an  oblique  ridge  often  connects 
the  large  anterior  internal  cusp  with  the  posterior  external 
cusp ;  in  the  upper  wisdom  teeth,  the  two  inner  or  palatal 
cusps  are  frequently  conjoined.  The  first  lower  molar 
has  five  cusps,  the  fifth  being  interposed  between  the 
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two  posterior  cusps ;  in  the  second  lower  molar  tlie  fifth 
cusp  is  usually  absent,  or  only  rudimentary  in  size,  but 
in  the  lower  wisdom  tooth  it  is  often  present.  The  fangs 
of  the  first  and  second  upper  molars  are  three  in  number, 
and  divergent ;  two  on  the  outer  or  buccal  side,  one  on 
the  inner-  or  palatal  side  ;  in  the  upper  wisdom  the  fangs 
are  frequently  partially  conjoined,  though  trifid  at  the 
point.  The  fangs  of  the  first  and  second  lower  molars 
are  two  in  number,  an  anterior  and  a  posterior,  of  which 
the  anterior  is  the  larger ;  they  usually  curve  backwards 
in  the  jaw  :  in  the  lower  wisdom  the  fangs  are  usually 
conjoined,  but  bifid  at  the  point. 

The  crowns  of  all  the  teeth  become  more  or  less  flat- 
tened by  use,  so  that'  the  incisors  lose  their  sharp  cutting 
edge,  and  the  cusps  of  the  premolars  and  molars  are  worn 
away. 

The  temporary  or  milk  teeth  are  smaller  than  the  per- 
manent teeth.  They  are  more  constricted  at  the  neck, 
where  the  crown  joins  the  fang,  especially  in  the  milk 
molars,  the  fangs  of  which  also  diverge  more  widely  than 
in  the  permanent  set.  The  second  temporary  molar  is 
bigger  than  the  first.  The  crown  of  the  first  upper  molar 
has  three  cusps,  two  buccal,  one  palatal :  that  of  the 
second  four  cusps.  The  crown  of  the  first  lower  molar 
has  four  cusps;  that  of  the  second  five,  three  of  which 
are  buccal,  two  lingual.  The  temporary  teeth  lie  more 
vertically  in  the  jaws  than  the  permanent. 

The  alveolus,  or  socket  for  the  lodgment  of  the  single 
fanged  teeth,  is  a  single  socket;  in  the  multi-fanged  teeth, 
the  socket  is  divided  into  two  or  three  compartments,  accord- 
ing to  the  number  of  fangs.    The  socket  is  lined  by  the 


TEETH. 


751 


alveolo-dental  periosteum,  wHch  is  continuous  at  themoutli 
of  the  socket  with  the  periosteal  covering  of  the  jaw  and 
with  the  deeper  fibrous  tissue  of  the  gum,  where  it  embraces 
the  neck  of  the  tooth.    At  the  bottom  of  the  socket  tlie 
alveolo-dental  periosteum  may  be  seen  to  have  the  character 
of  a  distinct  layer  of  retiform  connective  tissue,  on  the  one 
hand  connected  with  the  surface  of  the  cement,  on  the  other 
with  the  more  fibrous  periosteum  lining  the  bony  wall  of 
the  socket  (fig.  207).    Higher  up  the  socket,  the  retiform 
character  of   the  periosteal  connective  tissue  gradually 
disappears,   but   nearer   the  mouth   of   the   socket  it 
reappears,  and  the  stellate  cells  form  a  continuous  network 
with  similar  cells  in  the  deeper  fibrous  part  of  the  gum. 
The  alveolo-dental  periosteum  is  vascular,  its  vessels  being 
continuous  with  those  of  the  gum,  the  pulp-vessels,  and 
the  bone.    It  receives  nerves  from  those  going  to  the 
pulp.    The  fang  fits  accurately  in  the  socket,  and  through 
a  hole  at  the  tip  of  the  fang  the  blood-vessels  and  nerves 
of  the  tooth  pass  into  the  pulp-cavity  of  the  tooth. 

Structure  of  the  Teeth. 

Each  tooth  is  composed  of  the  following  hard  structures 
— dentine,  enamel,  and  cement,  or  crusta  petrosa ;  occa- 
sionally other  substances,  named  osteo-dentine  or  vaso- 
dentine,  are  present.  In  a  tooth  which  has  been  macerated, 
an  empty  space  exists  in  its  interior,  called  the  pulp-cavity, 
which  opens  externally  through  the  hole  at  the  tip  of  the 
fang ;  but  in  a  living  tooth  this  cavity  contains  a  soft, 
sensitive  substance  named  the  pulp. 

The  Dentine  or  Ivory  makes  up  the  greater  part  of  each 
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Fig.  205. — ^Transverse  section  through 
the  crown  of  a  tooth,  p,  pulp  cavity  ; 
d,  dentine ;  e,  enamel.   X  6. 


tooth ;  it  is  situated  both  in  the  crown,  where  it  is  covered 
by  the  enamel,  and  in  the  fang,  where  it  ia  invested  by 
the  crusta  petrosa  ;  whilst  the  pulp  cavity  in  the  centre  of 

the  tooth  is  a  cavity  in  the 
dentine.  The  dentine  is 
composed  of  an  intimate 
admixture  of  earthy  and 
animal  matter  in  the  pro- 
portion of  28  of  the  animal 
to  72  of  the  earthy.  The 
animal  matter  is  resolved 
on  boiling  into  gelatine ; 
the  earthy  matter  consists  mostly  of  salts  of  lime. 

If  thin  slices  through  the  dentine  of  a  macerated  tooth 
be  examined  microscopically,  it  will  be  seen  to  consist  of  a 
hard,  dense,  yellowish  white,  translucent  matrix,  pene- 
trated by  minute  canals,  called  dentine  tubes.  The  dentine 
tubes  commence  at  the  pulp  cavily,  on  the  wall  of  which 
they  open  with  distinct  orifices.  They  radiate  in  a  sinuous 
manner  from  the  pulp  cavity  through  the  thickness  of  the 
dentine,  and  terminate  by  dividing  into  several  minute 
branches ;  this  division  takes  place  in  the  crown  of  the 
tooth  immediately  under  the  enamel,  and  in  the  fang  of 
the  tooth  immediately  under  the  crusta  petrosa.  In  their 
course  the  dentine  tubes  branch  more  than  once  in  a 
dichotomous  manner,  and  give  off  numbers  of  extremely 
minute  collateral  branches.  The  transverse  diameter  of 
the  dentine  tubes  near  the  pulp  cavity  is  ^^t'la.  inch,  but 
that  of  their  terminal  branches  is  much  more  minute. 
When  transverse  sections  are  made  through  the  tubes,  they 
are  seen  to  be  bounded  by  a  distinct  circular  line,  which  is 
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regarded  as  the  sheath  of  the  dentine  tube;  for  each  tube 
is  beUeved  to  have  a  definite  waU,  not  formed  of  the 
matrix  substance,  though  coalesced  with  it.  By  many 
observers  the  sheath  is  regarded  as  a  calcified  membranous 
tube. 

If  the  dentine  be  exammed  in  a  fresh  tooth,  the  tubes 
wiU  be  seen  to  be  occupied  by  soft  delicate,  thread- 
like prolongations  of  the  pulp.  The  passage  of  pro- 
cesses of  the  pulp  into  the  dentine  tubes  was  first 
seen  by  Owen  in  the  examination  of  the  tusk  of  an  ele- 
phant ;  but  the  soft  contents  of  the  dentine  tubes  have 
been  made  the  subject  of  special  investigation  by  J. 
Tomes  in  the  human  and  other  mammalian  teeth,  and 
have  been  named  the  dentinal  fibrils.  Sharpey  has  pointed 
out  that  the  dentine  possesses  a  laminated  structure ;  the 
lamellae  being  arranged  parallel  to  the  wall  of  the  pulp 
cavity.  This  laminated  arrangement  indicates  the  mode  of 
formation  of  the  dentine,  as  will  be  described  on  p.  762. 

In  sections  through  the  dentine  of  dried  teeth,  it  is  not 
uncommon  to  find,  near  its  periphery,  irregular,  black 
spaces  containing  air.  These  spaces  freely  communicate 
with  each  other.  As  the  dentine  which  forms  their  boun- 
dary has  not  unfrequently  the  appearance  of  globular  con- 
tours, they  were  named  by  Czermak  the  interglobular 
spaces.  In  a  fresh  tooth  they  are  not  empty,  but  are 
occupied  by  a  soft  part  of  the  matrix,  which  is  traversed 
in  the  usual  manner  by  the  dentine  tubes.  This  matrix  is 
apparently  imperfectly  calcified  dentine,  which  shrinks  up 
in  a  dried  tooth,  and  occasions  an  air  containing  space. 
A  layer  of  small  irregular  spaces  situated  in  the  peripheral 
part  of  the  dentine  in  the  fang,  immediately  under  the 
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crusta  petrosa,  and  sometimes  named  the  granular  layer, 
is  apparently  of  the  same  nature  as  the  interglobular  spaces. 
The  Enamel  is  the  brilliant  white  layer  which  forms  a 

cap  on  the  surface  of  the 
crown  of  a  tooth.  It  is 
thickest  on  the  cutting 
edge  or  grinding  surface  of 
the  crown,  and  thins  away 
towards  the  neck,  where 
it  disappears.  It  is  not 
only  the  hardest  part  of  a 
tooth,  but  the  hardest 
tissue  in  the  body,  and  con- 
sists of  9  6  "5  per  cent,  of 
earthy  and  of  3'5  per  cent, 
of  animal  matter.  The 
earthy  matter  consists 
almost  entirely  of  salts  of 
lime.  The  great  hardness 
of  the  enamel  admirably 
adapts  it  as  a  covering  for 
the  cutting  edge,  or  grinding  s^^rfaces,  of  the  crowns  of  the 
teeth. 

When  sections  are  made  through  the  enatael  perpendi- 
cular to  the  surface  of  the  crown,  it  is  seen  to  be  composed 
of  microscopic  rods,  named  the  evamel  fibres,  or  enamel 
Xrrisms.  These  rods  are  set  side  by  side  in  close  contact 
with  each  other;  one  end  of  each  rod  rests  on  the  surface  of 
the  dentine,  the  other  reaches  the  free  surface  of  the  crown. 
The  rods  do  not  all  lie  parallel  to  each  other,  for  whilst 
some  are  straight,  others  are  sinuous,  and  the  latter  seem 


Fig.  206.— 1,  Vertical  section  through 
the  Enamel  and  immediately  sub- 
jacent Dentine,  e,  enamel  rods;  d, 
branched  termination  of  dentine 
tubes,  2,  transveree  section  through 
the  enamel  rods.  3,  transverse  sec- 
tion through  dentine  tubes  and 
matrbt,    X  300. 
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to  decussate  with  each  other.  The  rods  are  marked  by 
faint  transverse  lines  :  they  are  solid  structures  in  the 
fuUy  formed  enamel,  and  are  polygonal  in  form.  When 
cut  across  transversely,  they  are  seen  to  be  hexagonal  or 
pentagonal,  and  about  -^^th  inch  in  diameter.  Fissures 
are  often  seen  extending  into  that  surface  of  the  enamel, 
which  rests  on  the  dentine ;  and  I  agree  with  Tomes's 
statement,  that  dentine  tubes  may  sometimes  be  seen  to 
enter  the  deep  surface  of  the  enamel. 

The  free  surface  of  the  enamel  of  an  unworn  tooth  is 
covered  by  a  thin  membrane,  named  the  cuticle  of  the 
enamel,  or  NasmytKs  membrane.  This  membrane  can  be 
demonstrated  by  digesting  an  unworn  tooth  in  a  dilute 
mineral  acid,  when  it  separates  as  a  thin  flake  from  the 
free  surface  of  the  crown.  It  is  a  horny  membrane,  which 
resists  the  action  of  acids.  Waldeyer  states  that  when 
treated  with  a  solution  of  nitrate  of  silver,  it  presents  the 
appearance  of  figures  like  large  epithelial  cells.  Its  deep 
surface  is  pitted  for  the  ends  of  the  enamel  rods.  As  the 
crown  of  the  tooth  comes  into  use,  Nasmyth's  membrane 
is  worn  off,  and  the  enamel  itself  by  prolonged  use  is 
thinned  and  worn  down.  In  persons  who  live  on  hard 
food,  that  requires  much  mastication,  it  is  not  uncommon 
to  find  the  grinding  surface  of  the  crowns  of  the  molar 
teeth  worn  down  quite  flat,  and  the  dentine  exposed. 

The  Cement,  Grusta  petrosa,  or  Tootli  hone,  forms  a  thin 
covering  for  the  surface  of  the  fang  of  a  tooth,  and 
extends  upwards  to  the  neck.  It  is  of  a  yellowish  colour, 
and  is  usually  thickest  at  the  point  of  the  fang ;  though  in 
the  multifanged  teeth  it  sometimes  forms  a  thickish  mass 
at  the  point  of  convergence  of  the  fangs.    It  possesses  the 
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Structure  of  bone,  and  consists  of  a  lamellated  matrix  with 
perforating  fibres,  lacunae  and  canaliculi.  The  lacunte  are 
irregular  in  size  and  mode  of  arrangement,  and  vary  also 
in  the  number  of  the  canaliculi  proceeding  from  them- 
Sometimes  the  canaliculi  anastomose  with  the  branched 
terminations  of  the  dentine  tubes.  In  the  thin  cement 
situated  near  the  neck  of  the  tooth  the  lacunee  are  usually- 
absent.  If  the  jaw  with  its  contained  teeth  be  softened 
in  acid,  and  sections  be  made  so  as  to  show  the  teeth  in 
situ,  there  is  no  difficulty  in  recognising  the  cellular  masses 
of  nucleated  protoplasm  within  the  lacunae,  which  resemble 


Fig.  207.— Section  through  the  socket  and^fang  of  a  Tooth,   b,  the  hony  wall  of 
■  a  socket,  its  lacuna;  contain  the  boue  coi-pnscles;  /,  the  fibrous,  and  r,  the 
reticulated  portion  of  the  alveolo-dental  periosteum,  in  wliicli  transversely 
divided  vessels,  v,v,  may  be  seen ;  c,  the  cement,  the  lacunte  of  ■which  contain 
the  bone  corpujscles ;  d,  the  dentine.    X  450. 

in  appearance  the  corresponding  structures  in  the  adja- 
cent bone.  Haversian  canals  are  only  found  in  the 
cement,  when  it  acquires  unusual  thickness.  In  old 
teeth  the  cement  thickens  at  the  tip  of  the  fang,  and 
often  closes  up  the  orifice  into  the  pulp  cavity  ;  the 
passage  of  the  nerves  and  vessels  into  the  pulp  is  thus  cut 
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off,  and  the  nutrition  of  the  tooth  being  at  an  end,  it  loosens 
in  its  socket  and  drops  out.  When  the  tooth  is  in  its 
socket,  the  reticulated  connective  tissue  of  the  alveole- 
dental  periosteum  is  closely  attached  to  the  outer  surface 
of  the  cement. 

Osteo-dentine  and  Vaso-dentine  do  not  exist  as  normal 
structures  in  human  teeth,  though  they  occur  in  various 
animals.  They  may  appear,  however,  as  abnormalities  in 
the  human  teeth,  and  are  found  on  the  inner  wall  of 
the  pulp  cavity.  Osteo-dentine  is  a  mixture  of  dentine 
structure,  with  lacunae  and  canaliculi.  If  vascular  canals, 
like  the  Haversian  canals  of  bone,  are  formed  in  it,  then 
the  name  vaso-dentine  is  applied. 

Tue  Pulp  of  the  tooth  is  one  of  its  most  important  con- 
stituents.   It  is  a  soft  substance  occupying  the  cavity  in 
the  dentine,  or  the  pulp  cavity,  and  is  destroyed  in  a 
macerated  and  dried  tooth.    It  consists  of  a  very  delicate 
gelatinous  connective  tissue,  in  which  numerous  cells  are 
imbedded.    Those  which  lie  at  the  periphery  of  the  pulp 
are  in  contact  with  the  dentine  wall,  and  form  a  layer, 
named  by  KolUker  the  membrana  eboris.     As  the  cells 
of  this  layer  play  a  part  in  the  formation  of  the  dentine, 
similar  to  that  performed  by  the  osteoblast  cells  in  the 
formation  of  bone,  Waldeyer  has  named  them  odonto- 
blasts.    The  odontoblasts  are  elongated  in  form,  and  their 
protoplasm  gives  off  several  slender  processes  :  some  enter 
dentine  tubes  to  form  the  soft  dentinal  fibres  already  de- 
scribed ;  another  passes  towards  the  centre  of  the  pulp,  to 
become  connected  with  more  deeply-placed  pulp  ceUs, 
whilst  others  are  given  off  laterally  to  join  contiguous 
cells  of  the  odontoblast  layer.     The  pulp  contains  the 
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nerves  and  blood-vessels  of  the  tooth,  which  pass  into 
the  pulp,  through  the  foramen  at  the  point  of  the  fang. 
The  vessels  form  a  beautiful  plexus  of  capillaries. 
The  nerves  are  sensory  branches  of  the  fifth  cranial  nerve. 
They  enter  the  pulp  as  meduUated  fibres,  which  divide 
into  very  fine  non-medullated  fibres,  that  form  a  net- 
work in  the  peripheral  portions  of  the  pulp.  Boll  de- 
tected delicate  branches  of  this  network  passing  outwards 
between  the  odontoblast  cells,  but  no  twigs  were  seen  to 
enter  the  dentine  tubes.  The  pulp  of  the  tooth  is  the 
remains  of  the  formative  papilla,  out  of  which  the  dentine 
or  ivory  has  been  produced.  In  adult  teeth  changes  that 
lead  to  the  production  of  osteo-dentine  and  vaso-dentine 
may  take  place  in  it.  Through  the  dentinal  fibres  an  organic 
connection  is  preserved  between  the  dentine  and  the  pulp, 
and  the  sensitiveness  exhibited  by  the  dentine  in  some 
states  of  a  tooth  is  not  necessarily  due  to  the  passage  of 
nerves  into  it,  but  to  its  connection  with  the  sensitive 
dentine  pulp. 

Development  of  the  Teeth. 

In  studying  the  development  of  the  teeth,  not  only  has 
the  mode  of  formation  of  the  individual  teeth  to  be  exa- 
mined, but  the  order  of  succession  of  the  diflferent  teeth 
both  in  the  temporary  and  permanent  series. 

The  teeth  are  developed  in  the  mucous  membrane  or  gum, 
which  covers  the  edges  of  the  jaws  of  the  young  embryo, 
and  their  formation  is  due  to  a  special  difi"erentiation  in 
the  arrangement  and  structure  of  portions  of  the  epithelial 
and  sub-epithelial  tissues  of  that  membrane.    The  enamel 
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is  produced  from  the  epithelium,  and  the  dentine,  pulp 
and  cement  from  the  sub-epithelial  connective  tissue. 

The  development  of  the  temporary  teeth  will  first  be  con- 
sidered. If  a  vertical  section  be  made  through  the  mouth 
of  a  young  human  embryo  about  the  6th  or  7th  week, 
its  cavity  may  be  seen  to  be  lined  by  a  stratified  epi- 
thelium, continuous  with  the  layer  of  stratified  epiblast 
forming  the  cuticle  of  the  face.  Along  the  edge  of  the 
gum,  corresponding  in  position  to  that  of  the  future  jaws, 





Fig.  208. — Vertical  transverse  section  through  tlie  Mouth  of  a  young  Human 
embryo,  np,  naso-palatine  region;  t,  tongue;  m,  mouth;  I,  I,  I, !,  lips;  d,  d, 
primitive  dental  grooves  with  epitlieliai  contents  in  upper  gum ;  d',  d\  similar 
stnictures  in  lower  jaws;  e,  e,  cuticular  epiblast;  A,  h,  hair  follicles ;  e',  epiblast 
prolonged  into  the  moutli. 

the  epithelium  is  of  some  thickness,  and  an  involution  of 
the  epithelium  into  the  subjacent  connective  tissue  has 
taken  place.  Owing  to  this  involution  a  narrow  furrow 
or  groove  in  the  connective  tissue  is  produced,  which  con- 
stitutes the  primitive  dental  groove  of  Goodsir.  This  groove 
is  not,  however,  an  empty  furrow,  but  is  occupied  by  the 
involuted  epithelium.  The  sub-epithelial  connective  tissue 
is  soft  and  gelatinous,  and  abounds  in  corpuscles,  which 
are  especially  abundant  in  the  connective  tissue  at  the 
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bottom  of  the  groove,  where  the  dental  papillce  are  pro- 
duced. These  papillas  form,  at  the  bottom  of  the  groovse 
by  au  increased  development  and  growth  of  the  corpuscles 
of  the  subjacent  connective  tissue.  The  base  of  each  papilla 
is*  continuous  with  the  subjacent  connective  tissue,  and  the 


Fig.  209.— a  more  highly  magnified  view  of  a  section  through  the  same  Jaw  as 
fig.  208;  ci,  sub-epithelial  connective  tissue  [of  the  gum ;  d,  primitive  dental 
groove ;  e",  its  epithelium ;  e',  epithelium  lining  m,  the  cavity  of  the  mouth  ; 
I,  I,  lips;  e,  tlie  epiblast  cuticle.  The  deepest  layer  of  the  epitheUum  consists 
of  columnar  cells. 

apex  projects  into  the  deeper  part  of  the  involuted  epithe- 
lium. As  a  papilla  increases  in  breadth  and  length,  the  groove 
widens  and  deepens,  and  the  involuted  epithelium  increasing 
in  quantity,  expands  over  the  apex  and  sides  of  the  papilla, 
so  as  to  form  a  hood-like  covering  or  cap  for  it.  The  cap 
of  epithelium  constitutes  the  enamel  organ,  whilst  the 
papilla  is  the  formative  pulp  for  the  dentine  and  permanent 
pulp.  Whilst  these  changes  are  taking  place  in  the  epithe- 
lium and  the  connective  tissue  at  the  bottom  of  the  groove, 
no  commensurate  widening  occurs  at  its  upper  part,  which 
remains  for  a  time  relatively  narrow,  but  retains  within  it 
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a  narrow  string  of  epitlielial  cells,  continuous  on  the  one 
hand  with  the  epithelial  lining  of  the  mouth,  and  on  the 
other  with  the  enamel  organ.    This  epithelial  string  forms 


the  neck  of  the  enamel  •organ. 


After  a  time,  however,  the 
growth  of  the  connec- 
tive tissue,  forming 
the  lips  of  the  primi- 
tive groove,  causes 
the  neck  of  the  ena- 
mel organ  to  atrophy, 
■so  that  all  communi- 
cation  between  the 

Fig.  210.— Vertical  secfion-througli flie  gum  to     enamel  OTgan  and  the 
show  the  formation  of  the  Dental  Papilla,    e'  n  •  ^         -j-T,  T 

the  epithelium  covering  the  gum  ;  n,  tlie  neck  superficial  epitheilUm 
of  en,  the  enamel  organ  ;  ^),  the  dental  papilla; 

ct,  sub-epithelial  connective  tissue.  Magnified.  cjit  off  J  the  con- 
nective tissue  on  the  opposite  lips  of  the  'groove  becomes 
continuous,  and  the  embryo  tooth,  being  now  completely 
enclosed  in  a  cavity  or  sac,  formed  by  the  gelatinous  con- 
nective tissue  of  the  gum,  has  entered  on  what  Goodsir 
termed  its  saccular  stage  of  development. 

When  enclosed  in  its  sac  the  embryo  tooth,  though  per- 
fectly soft,  acquires  a  shape,  which  enables  one  to  recognize 
to  what  group  of  teeth  it  belongs.  After  a  time  it  begins 
to  harden  and  to  exhibit  the  characteristic  tooth  structure. 

The  dental  papilla  is  more  vascular  than  the  surrounding 
connective  tissue,  from  the  Wood-vessels  of  which  its  vessels 
are  derived.  The  papilla  abounds  in  cells  which  are,  in 
the  first  instance,  rounded  and  ovoid  in  shape.  Changes 
then  ta^te  place  in  the  cells  situated  at  its  periphery,  which 
become  elongated  and  branched,  and  form  layers  of 
cells,  which  Waldeyer  has  appropriately  named  oclonto- 

3  c 


Flo.  211  — Sacculated  stage  of  development  of  two  molar  teeth  in  the  Cat. 
ct,  ct,  connective  tissue  forming  the  sacs  for  the  teeth;  p,p,  dental  papllliB;  the 
opaque  bands  d,  d,  marlc  the  commencement  of  calcification  of  the  dentine; 
e,  c,  internal  enamel  epithelium ;  the  outer  enamel  epithelium  was  not  recognis- 
able.  *,  b,  the  bony  walla  of  the  alveoli  are  beginning  to  form.  Magnifled. 

is  produced.  In  contact  with  the  inner  surface  of  the 
thin  film  of  dentine,  a  second  layer  of  odontoblast  cells  is 
then  arranged,  which  in  its  turn  calcifies,  and  as  the  pro- 
cess goes  on  in  successive  layers  of  odonto-blasts,  the 
entire  thickness  of  the  matrix  of  the  dentine  and  the  den- 
tinal sheaths  are  produced.  It  is  owing  to  this  circum- 
stance that  the  dentine  may  exhibit  the  laminated  arrange- 
ment referred  to  on  p.  753.  But  the  process  of  calcifica- 
tion does  not  apparently  take  place  throughout  the  whole 
thickness  of  the  protoplasm  of  the  odonto-blasts,  for,  as 
Waldeyer  pointed  out,  the  axial  part  of  the  cells  remains 
undifferentiated,  as  the  soft  dentinal  fibrils  of  the  dentine 
tubes.  As  these  changes  are  going  on  in  the  peripheral 
layers  of  the  odonto-blasts,  the  central  part  of  the  papilla 
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increases  in  quantity,  apparently  by  a  proliferation  of  its 
cells ;  nerve  fibres  are  developed  in  it ;  it  does  not  undergo 
calcification,  and  persists  as  the  pulp  of  the  tooth.  The 
papilla  of  the  tooth  has  essentially,  therefore,  the  same 


FiQ.  212. — Section  througli  the  dentine  an  1  pulp  cavity  of  a  young  tooth,  p,  the 
pulp,  with  V,  one  of  its.vessels,  and  o,  layers  of  odonto-bla&t  cells  giving  off  pro- 
cesses into  d,  the  dentine.    X  450. 

relation  to  the  formation  of  dentine  that  the  cellulo-vascular 
contents  of  the  medullary  spaces,  in  intra-cartilaginous 
ossification,  have  to  the  formation  of  bone.  In  both  in- 
stances the  hard  matrix  is  due  to  a  special  difi'erentiation 
of  the  protoplasm  of  the  formative  cells;  the  dentinal  fibrils 
are  the  equivalent  structures  to  the  soft  contents  of  the 
lacunae  and  canaliculi,  and  the  persistent  pulp  is  equivalent 
to  the  cellulo-vascular  contents  of  the  Haversian  canals. 

Prior  to  the  embryo  tooth  becoming  sacculated,  changes 
had  taken  place  in  the  enamel  organ.  Those  cells  of  the 
enamel  organ,  which  lie  next  the  dental  papilla,  are  con- 
tinuous through  the  neck  of  the  enamel  organ,  with  the 
deepest  layer  of  cells  of  the  oral  epithelium,  which  cells 
are  elongated  columns  set  perpendicularly  to  the  surface 
on  which  they  rest.    Similarly  the  cells  of  the  deepest 
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layer  of  the  enamel  organ  are  columns  set  perpendicularly 
to  tlie  surface  of  the  dental  papilla.  They  undergo  a 
greater  elongation,  and  form  six-sided  prismatic  cells,  which 
KoUiker  has  named  the  internal  or  ^enamel  ejntlidium. 
The  cells  of  the  most  superficial  layer  of  the  enamel  organ 
lie  in  contact  with  the  vascular  connective  tissue,  which 


Fig.  213.— Vertical  sectien  throtigli  gum  of  Sheep  in  tlie  region  of  the  molar  teeth. 
p  the  papilla  of  a  milk  (molar;  1,  the  inner,  2,  the  miridle,  and  3,  the  outer 
layers  of  the  enamel  organ ;  n.  the  neck  of  the  enamel  organ ;  e\  the  superfcial 
epithelium ;  ct,  ct,  ct,  the  suh-epithelial  connective  tissue  which  subsequently 
foi-ms  the  sac  of  the  tooth;  the  cavity  of  resere  occupied  l)y  epithelium,  in 
connection  with  which  the  pennanent  successional  tooth  is  foi-med.   X  300. 

encloses  the  embryo  tooth.  They  form  the  external  epi- 
thelium of  the  enamel  organ,  and  slender  papillary  prolon- 
gations of  the  connective  tissue  frequently  project  into  this 
epithelial  layer.  The  cells  of  the  enamel  organ,  situated 
between  its  external  and  its  internal  epithelium,  become 
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Stellate,  and  form  with,  each  other  an  anastomosing  net- 
work of  cells  like  those  sometimes  seen  in  tlie  gelatinous 

connective  tissue. 

After  the  tooth  has  become  sacculated,  and-  coincident 
with  the  transformation  of  the  odonto-blast  cells  of 
the  dental  papilla  into  dentine,  calcification  begins  in 
the  elongated  prismatic  cells  of  the  internal  or  enamel 
epithelium.;  their  protoplasm  becomes  calcified,  and  they 
become  the  rods  or  prisms  of  the  enamel.  As  the  hardening 
takes  place  from  the  peripliery  to  the  centre  of  eacb  cell, 
the  axial  portion  may,  as  Tomes  pointed  out,  remain  soft 
for  some  time  in  tbe  axis  of  the  enamel  rod.  Witb  the  in- 
crease in  length,  and  with  the  calcification  of  the  cells  of  tlie 
enamel  epithelium,  the  stellate  gelatinous  cells  disappear, 
and  the  outer  ends  of  the-  enamel  rods  come  in  contact  with 
the  cells  of  the  external  enamel  epithelium.  By  some 
observers  the  external  epithelium  is  supposed  to  disappear 
without  undergoing  any  special  differentiation,  but  by 
others  it  is  believed  to  undergo  conversion  into  Nas myth's 
membrane. 

In  this  manner  the  crown  of  a  tooth  is  formed,  and  it  is 
lodged  in  a  membranous  sac  formed  by  the  differentiation 
into  a  fibro-vascular  membrane  of  the  surrounding  connec- 
tive tissue.  Whilst  within,  its  sac-  the  crown  of  the  tooth 
possesses  the  characteristic  form  of  the  group  of  teeth  to 
which  it  belongs.  After  the  calcification  of  the  enamel 
rods  is  completed,  it  can  undergo  no  further  change  either 
in  shape,  or  in  increase  of  size. 

Whilst  the  crown  of  the  tooth  is  being  formed,  ossifica- 
tion of  the  jaws  has  been  going  on,  and  the  tooth,  with  its 
membranous  sac,  has  become  lodged  in  an  alveolus  or 
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socket  in  tlie  jaw,  which  alveolus  is  closed  in  by  the  gum. 
In  order  that  the  crown  of  the  tooth  may  come  into  use  as 
a  masticatory  organ,  it  has  to  be  elevated  to  the  level  of 
the  gum,  which  is  absorbed  by  the  pressure,  and  the  crown 
then  erupts  into  the  cavity  of  the  mouth.  The  process  of 
eruption  is  due  to  the  development  of  the  fang,  which,  as 
it  grows  in  length,  elevates  the  crown  of  the  tooth  and 
forces  it  outward.  The  dentine  of  the  fang  is  developed 
from  the  odonto-blast  cells  of  the  pulp  in  a  manner  similar 
to  that  already  described  for  the  development  of  the  den- 
tine of  the  crown.  The  cement  or  crusta  petrosa  is  de- 
veloped from  the  connective  tissue  lining  the  alveolus, 
which  forms  the  alveolo-dental  periosteum.  It  is  therefore 
an  ossification  in  membrane. 

As  the  temporary  or  milk  teeth  precede  the  permanent 


3  4 


Fig.  214.— One-half  the  lower  jaw  of  a 
foetus  about  the  11th  or  12th  weelc,  show- 
ing the  dental  papillte  in  the  order  of 
their  appearance.  1,  the  first  milk 
molar ;  2,  the  canine ;  3  and  4,  the  two 
incisors ;  5,  the  second  milk  molar.  - 
From  Goodsir. 


Fig.  215. — Posterior  part  of  tlic 
lowei  jaw  of  a  child  at  birrh. 
5,  the  crown  and  sac  of  the 
posterior  milk  molar ;  6,  the 
crown  and  sac  of  the  first 
permanent  molar;  6,  the 
cavity  in  connection  with 
which  the  papilla  of  the 
second  permanent  molar  ul- 
timately forms.  J/,  shows  a 
temporary  and  permanent  in- 
cisor from  the  same  fcetus. 
— From  Goodsir. 


teeth,  their  papillae  are  naturally  the  first  to  form.  The 
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series  of  milk-papillte  are  not,  however,  simultaneously  pro- 
duced. From  the  observations  of  Goodsir,  it  has  been 
shown  that  the  milk-papilla  of  the  anterior  molar  in  the 
upper  jaw  appears  about  the  seventh  week,  then  the  canine 
papilla,  the  two  incisor  papillae,  and  the  posterior  molar 
papilla  are  successively  formed,  the  last  making  its  appear- 
ance about  the  end  of  the  tenth  week.  The  dental  papillae 
in  the  upper  jaw  immediately  precede  the  papillae  of  the 
corresponding  teeth  in  the  lower  jaw. 

The  eruption  of  the  milk  teeth  into  the  mouth  does  not 
begin  to  take  place  until  the  latter  half  of  the  first  year  of 
extra-uterine  life,  and  is  not  completed  until  between  the 
second  and  third  year.  Though  variations  occur  in  the 
date  of  eruption  of  each  tooth  in  different  children,  it  may 
be  stated  that  the  incisors  usually  appear  from  the  seventh 
to  the  ninth  month ;  the  anterior  molars  from  the  twelfth 
to  the  sixteenth  month  ;  the  canines  during  the  seventeenth 
or  eighteenth  month;  the  posterior  milk  molars  from  two 
to  two  and  a  half  years.  The  milk  teeth  begin  to  be  shed 
about  the  sixth  year  by  the  dropping  out  of  the  incisors. 
The  last  to  be  shed  are  the  canines,  which  do  not  fall  out 
until  the  tenth  or  eleventh  year.  The  shedding  of  the 
milk  teeth  is  preceded  by  the  absorption  of  the  fangs. 
This  is  effected,  as  was  satisfactorily  shown  by  J,  Tomes, 
by  the  agency  of  a  group  of  cells  situated  at  the  bottom  of 
the  sockets.  As  these  cells  occasion  absorption  of  the  tooth 
tissue,  similar  to  that  occurring  in  the  bone  tissue  from  the 
action  of  the  large,  many  nucleated  osteo-klast  cells  (p. 
172),  they  may  appropriately  be  called  odonto-klasts. 

The  development  of  the  permanent  teeth  wiU  now  be  con- 
sidered.   In  the  description  of  the  arrangement  of  the 
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teeth  it  has  been  pointed  out  that  the  number  of  teeth  in 
the  permanent  set  exceeds  that  of  the  temporary  set.  The 
permanent  incisors  and  canines  come  into  the  place  of  the 
temporary  incisors  and  canines ;  the  permanent  bicuspids 
succeed  the  temporary  molars,  but  the  permanent  molars 
have  no  mUk  predecessors,  and  are  superadded  at  the  back 
of  the  dental  series. 

The  development  of  the  successional  permanent  teeth, 
which  are  the  ten  anterior  tepth  in  each  jaw,  will  first  be 
examined.  Prior  to  the  period  when  the  lips  of  the  primi- 
tive dental  groove  meet,  to  produce  the  saccular  stage  of 
dentition  of  the  several  temporary  teeth,  an  indentation,  or 
furrow,  takes  place  in  the  connective  tissue  adjoining  the 
string  of  epithelial  cellsj  forming  the  neck  of  the  enamel 
organ.  This  furrow  constitutes-  what  Goodsir  termed  the 
caviti/  of  reserve,  and  it  is  filled  up  by  epithelial  cells  con- 
tinuous with  the  epithelium  of  the-  neck  of  the  enamel 
organ.  As  a  cavity  of  reserve  is  formed  immediately 
behind,  i.e.,  on  the  lingual  side  of,  each  milk  tooth,  they 
are  ten  in  number  in  each  jaw,  and,  except  that  for  the 
anterior  molar,  are  formed  successively  from  before  back- 
Wards, 

The  cavities  of  reserve  are  concerned  in  the  production 
of  the  permanent  successional  teeth,  and  each  temporary 
tooth  is  replaced  by  the  permanent  tooth  formed  in  con- 
nection with  the  cavity  of  reserve  situated  immediately 
behind  it  (fig.  213).  The  cavities  of  reserve  become  elon- 
gated, and  widened,  and  pass  above  the  temporary  teeth 
in  the  upper  jaw,  and  below  those  in  the  lower  jaw. 
At  the  bottom  of  each  a  dental  papilla  forms,  the  apex  of 
which  indentates  and  becomes  covered  by  the  epithelium 
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contained  in  the  cavity,  which  forms  a  cap  for  the  papilla, 
and  constitutes  the  enamel  organ  for  the  permanent  tooth. 
The  cavity  becomes  completely  closed  by  the  growth  of  the 
surrounding  connective  tissue,  and  the  embryo  permanent 
tooth  becomes  sacculated.  The  process  of  calcification  then 
goes  on,  in  both  the^  enamel  organ  and  dental  papilla,  in  a 
manner  similar  to  that  already  described,  in  the  temporary 
teeth.  The  permanent  teeth  then.become  lodged  in  sockets 
in  the  jaw  distinct  from,  those  of  the  temporary  teeth. 
The  sac  of  each  permanent  tooth  remains  connected  with 
the  fibrous  tissue  of  the  gum^by  a  slender  fibrous  band,  or 
gubernacuhm;  which  passes  through  a  hole  in  the  jaw 
immediately  behind  the  corresponding  milk  tooth.  •  Before 
the  successional  permanent  tooth  erupts,  not  only  should 
the  temporary  tooth  be  &hed,  but  the  bony  partition  be- 
tween their  res^pective  sockets  must  be  absorbed. 

The  superadded  permanent  teeth,  or  permanent  molars, 
three  in  number  on  each  side^.  lie  behind  the  successional 


Fig.  21G.— a,  tho  lower  jaw  of  a  child  Ijctween  four  and  five  years  old.  5,  the  last, 
milk  molar,  with  the  sacccssional  bicuspid  tooth  in  the  cavity  of  reserve  imme- 
diately below  it;  6  and  7,  the  first  and  second  pemianent  molars  in  their  sacs; 
b,  the  cavity  in  connection  with  which  the  wisdom  tooth  is  formed.  B,  the 
lower  jaw  of  a  child  about  six  year.s  old ;  G  and  7,  the  first  and  second  per- 
manent molars ;  8,  the  papilla  of  the  wisdom  tooth  developed  in  connection 
with  its  cavity  6. — From  Goodsir. 

teeth.    Their  mode  of  origin  is  similar  to  that  of  the 
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temporary  teeth.  The  primitive  groove,  occupied  by  an 
involution  of  the  epithelial  covering  of  the  gum,  is  pro 
longed  backwards.  Three  dental  papillEe  successively 
appear  at  the  bottom  of  this  groove,  and  the  epithelium 
covering  each  papilla  forms  its  enamel  organ.  Legros  and 
Magitot,  however,  state  that  the  2nd  permanent  molar 
arises  in  connection  with  a  diverticulum  (cavity  of  reserve) 
proceeding  from  the  epithelial  string  of  the  enamel  organ 
of  the  1st  permanent  molar,  and  that  the  wisdom  tooth  is 
formed  in  connection  with  a  similar  diverticulum  from  the 
2nd  permanent  molar.  The  embryo  tooth  becomes  saccu- 
lated, and  goes  through  the  process  of  calcification  similar 
to  what  has  been  described  in  the  other  teeth. 

The  germ  of  the  1st  permanent  molar  appears  about  the 
sixteenth  week  of  embryo-life  :  that  of  the  2nd  permanent 
molar  not  until  about  the  seventh  month  after  birth, 
whilst  that  of  the  wisdom  tooth  is  not  formed  until  about 
the  sixth  year.  The  crown  of  the  first  molar  is  the  first 
of  the  permanent  teeth  to  erupt  into  the  mouth,  which  it 
usually  does  in  the  sixth  year.  The  incisors  appear  when 
the  child  is  7  or  8 ;  the  bicuspids  when  it  is  9  or  10 ; 
the  canines  about  1 2 ;  the  second  molars  about  13  j  and 
the  wisdom  teeth  from  17  to  25. 

In  his  dentition  man  is  diphyodont  as  regards  his 
incisors,  canine,  and  premolar  teeth;  but  monophyodont 
in  the  molar  series. 

From  the  description  of  the  development  of  the  teeth, 
it  will  have  been  seen  that  a  tooth  is  an  organ  composed 
of  three  hard  tissues,  enamel,  dentine  and  cement,  and  of 
the  soft  vascular  and  nervous  pulp.  These  tissues  are  not 
developed  from  one  layer  only  of  the  blastoderm.  The 


TEETH. 


771 


enamel  is  of  epiblast  origin,  whilst  the  dentine,  cement, 
and  pulp  are  derived  from  the  mesoblast.    A  tooth  in  its 
fundamental  development,  as  was  long  ago  pointed  out 
by  Goodsir,  must  be  referred  to  the  same  class  of  organs 
as  the  hairs  and  feathers.    The  enamel  of  the  tooth,  like 
the  hair,  is  produced  by  a  differentiation  of  the  involuted 
epithelium  of  the  epiblast,  whilst  the  dentine  and  pulp 
resemble  the  papilla  of  the  hair,  in  proceeding  from  the 
mesoblast.    The  tooth-sac,  like  the  hair  follicle,  is  also  of 
mesoblast  origin.     Whether  the  cement,  as  Eobin  and 
Magitot  have  described,  be  developed  by  means  of  a  special 
cement  organ,  in  the  interior  of  the  tooth-sac,  or  is  formed, 
as  has  been  stated  in  this  description,  by  the  alveolo-dental 
periosteum,  it  is  derived  from  the  mesoblast.    As  to  the 
origin  of  Nasmyth's  membrane,  there  is  a  difference  of 
opinion ;  some  regard  it  as  a  special  cornification  of  the 
external  cells  of  the  enamel  organ,  in  which  case  it  would 
be  from  the  epiblast;  whilst  others  consider  it  to  be 
continuous   with,    though   structurally   different  from, 
the  cement — homologous,  therefore,  with  the  layer  of 
cement,  which  in  the  horse,  ruminants,  and  some  other 
mammals,  covers  the  surface  of  the  crowns  of  the  teeth. 
As  to  the  membrana  preformativa,  which  some  writers 
have  described  between  the  enamel  organ  and  the  dentine 
papUla,  and  others  between  the  enamel  and  the  enamel 
organ,  I  have  not  been  able  to  see  it  in  any  of  the  develop- 
ing teeth  which  I  have  examined :  I  therefore  agree  with 
C.  S.  Tomes  in  believing  it  not  to  be  present. 

The  tissues  of  a  tooth  have  not  all  the  same  importance 
in  the  structure  of  a  tooth.  The  dentine  is  apparently 
always  present,  but  the  enamel,  or  the  enamel  and  cement, 
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may  be  absent  in  the  teeth  of  some  animals.  For  ex- 
ample, the  tusks  of  the  elephant  and  narwhal,  and 
the  teeth  of  the  Edentata,  are  without  enamel,  and,  in 
the  Eodentia,  enamel  is  present  on  only  the  anterior  sur- 
face of  the  incisors.  But  though  the  enamel  is  not 
developed,  or  forms  only  m.  imperfect  covering  for  the 
crowns  of  these  teeth,  yet  an  enamel  organ  is  formed  in 
the  embryo  jaws.  In  1872  I  described  a  structure 
homologous  with  the  enamel  organ  in  relation  with  each 
of  the  dental  papillae  in  the  lower  jaw  of  a  foetal  narwhal; 
but  this  organ  did  not  exhibit  a  differentiation  into  the 
three  epithelial  layers,  such  as  occurs  in  those  teeth  in 
which  enamel  is  developed.  Since  then  C.  Tomes  has 
seen  an  enamel  organ  in  the  embryo  armadillo,  and  has 
also  pointed  out  that,  in  teeth  generally,  enamel  organs 
exist,  quite  irrespective  of  whether  enamel'  subsequently 
does  or  does  not  form. 

But  further,  the  involution  of  the  oral  epithelium^  and 
the  coincident  formation  of  a  primitive  groove,  take 
place  not  only  where  the  teeth  subsequently  arise,  but 
along  the  whole  curvature  of  the  future  jaws;  whilst  the 
production  of  dental  papillae  is  restricted  to  the  spots 
where  the  teeth  are  formed.  Hence  I  am  disposed  to 
consider  the  inflection  of  the-  oral  epithelium  as  not  so 
essential  to  the  development  of  a  tooth,  as  the  formation 
of  a  papilla.  The  inflected  epithelium  marks  only  a  pre- 
liminary stage,  and  it  may  or  may  not  be  transformed  into 
tooth  structure.  But  that  which  is  essential  to  the  forma- 
tion of  a  tooth  is  the  production  of  the  papilla  which 
appears  at  the  bottom  of  the  primitive  groove. 
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Development  of  the  Digestive  and  Kespiratoky 
Systems. 

The  Digestive  nnd  Respiratory  Systems  are  for  the  most  part 
developed  from  the  mesoHast  and  hypoblast  layers  of  the  blas- 
toderm, the  epiblast  having  but  a  limited  share  m  their  forma- 

*'men  the  differentiation  of  the  blastoderm  into  three  layers  has 
taken  place,  its  deepest  or  liypoblast  layer  lies  in  contact  with  the 
yolk,  and  is  in  the  course  of  time  prolonged  over  it  to  form  the 
epithelial  layer  of  the  wall  of  the  umbilical  vesicle.    As  the  axial 
part  of  the  body  of  the  embryo  'rises  up  from  the  surface  of  tlie 
yolk  (through'the  occurrence  of  those  changes  in  the  epiblast  and 
mesoblast  wliich  lead  to  the  formation  of  the  nervous  axis,  the 
chorda  dorsalis,  and  the  protovertebraj  (p.  211),  a  fold  takes  place 
at  both  the  cephalic  and  caudal  ends  of  the  embryo.    At  the  same 
time  the  hypoblast,  both  anteriorly  and  posteriorly,  becomes  folded 
so  as  to  form  the  anterior  and  posterior  ends  of  a  tube,  whilst  the 
intermediate  part  of  the  hypoblast  continues  to  invest  the  yolk  as 
the  waU  of  the  lomhilioal  vesicle.    Th'e  hypoblast  tube,  owing  to 
the  folding  at  its  anterior  and  posterior  ends,  forms,  in  front  and 
behind,  a  cul-de-sac;  but  its  intermediate  part  relatively  has  the 
form  of  a  wide  furrow,  and  communicates  freely  with  the  yolk  sac. 
Snbsetiuently,  -as  the  hypoblast  assumes  the  tubular  shape,  in  the 
intermediate  part  likewise  the  communication  becomes  constricted, 
and  forms  the  mipMlo-mesenteric  duct.    The  tube  in  its  whole 
length  is  the  Primitive  Alimentary  Canal. 

At  the  same  time  important  changes  are  going  on  in  the  meso- 
blast on  each  side  of  the  protovertebrce.  It  splits  into  two  layers, 
oue  of  which,  named  the  somatorpleure  layer,  adheres  to  the  epi- 
blast, and  forms  with  it  the  ventral  wall  of  the  body  of  the  young 
embryo  ;  for  as  it  increases  in  size,  it  grows  towards  the  ventral 
surface  of  the  body,  and  encloses  the  future  thoracic  and  abdominal 
cavities.  At  the  umbilicus,  however,  an  opening  remains  in  the 
mesial  ventral  line,  which  permits  the -structures  constituting  the 
umbilical  cord,  to  pass  out  to  the  placenta.  The  other  layer  of 
the  mesoblast,  named  the  splanchno-pleure  layer,  adheres  to  the 
hypoblast,  and  along  with  it  forms  the  .primitive  alimentary  canal, 
and  the  several  viscera  which  are  developed  as  diverticular  offshoots 
from  that  canal.  Owing  to  the  extension  of  the  somato-pleure, 
with  its  cuticular  covering  of  epiblast,  to  the  ventral  mesial  line  of 
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the  embryo,  the  splanchno-pleure  and  hypoblast  are  included  with- 

in  the  thoracico-abdominal  cham- 
ber. The  s))litting  of  the  meso- 
blast  into  two  layers  occasions  a 
cavity  between  the  somato-pleure 
and  splanchno-pleure,  which 
cavity  forms  the  2}leuro-peritoneal 
cavity. 

The  Primitive  A  limentary 
Canal  is  a  straight,  or  almost 
straight  tube,  and  lies  in  relation 
to  the  ventral  surface  of  the  chorda 
dorsalis,  and  the  bodies  of  the 
vertebrae  which  are  developed 
around  the  chorda.  From  its 
anterior  closed  end,  or  tha  fore- 
gut,  are  developed  the  pharynx, 
oesophagus,  stomach,  and  duo- 
denum. From  its  posterior  closed 
end,  or  the  hind  gut,  are  developed 
the  rectum,  and  sigmoid  flexure 
of  the  colon.  From  its  inter- 
mediate part,  or  the  middle  gut, 
are  developed  the  jejunum  and 
ileum,  the  ccecum,  and  the  greater 
part  of  the  colon. 

In  the  differentiation  of  the 
walls  of  the  primitive  tube,  which 
leads  to  the  formation  of  these 
different  divisions  of  the  alimen- 
tary canal,  the  cells  of  the  hypo- 
blast are  transformed  into  the  epi- 
thelium situated  on  the  surface  of 
its  mucous  membrane,  whilst  the 


Fig.  217. — Transverse  section  through 
the  body  of  an  embryo  Cliick  about 
the  Srd  day.  d,  dorsal,  and  v,  ventral 
surface  of  embryo ;  N,  neural  axis ; 
c,  central  canal;  ch,  chorda  dorsalis; 
pv,  profovertebrse ;  to,  m,  mesoblast; 
e,  e,  epiblast;  oo, aorta;  A,  primitive 
alimentary  canal;  fi,  hypoblast;  H, 
lieart;  en,  endocardium;  sp, splanch- 
no-pleure ;  s,  somato-pleure ;  })p, 
pleuro-peritoneal cavity ;  6,  b,  divided 
vessels  in  thewall  of  the  body,' 
lied  from  Schenk. 
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muscular  and  connective  tissues,  the  vascular  and  nervous^structures 
in  the  wall  of  the  several  divisions  of  the  canal,  are  differentiated 
0  m  the  cells  of  the  mesoblast. 

The  pnmitivc  pliarynx  is  the  most  anterior  part  of  the  primi- 
tive alimentary  canal,  and  is  enclosed  by  the  visceral  and  vascular 
arches  in  the  head  of  the  embryo.  As  the  pharynx  lies  in  the 
embryo  head,  the  splitting  of  the  mesoblast  into  the  two  definite 
lajers  of  somato-pleui-e  and  splanchno  pleure,  is  not  seen 
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nection  witli  it,  but  that  part  of  the  mesoblast,  which  differentiates 
into  the  muscular  coat,  and  into  the  several  layers  of  connective 
tissue  entering  into  the  formation  of  the  pharyngeal  wall  is  con- 
tinuous with  the  splanchno-pleure  layer  belonging  to  the  other 
divisions  of  the  alimentary  canal.  Its  anterior  end  is  closed,  and 
has  at  first  no  communication  with  the  mouth,  which  is  not 
developed  from  the  primitive  alimentary  canal. 

Th^  mouth  is  formed  on  the  facial  aspect  of  the  early  embryo 
by  an  involution  of  the  epiblast  and  of  the  immediately  subjacent 
mesoblast,  so  as  to  form  a  pit,  or  depression,  situated  between  the 
superior  maxillary  plates  and  the  mandibular  or  first  pair  of  vis- 
ceral arches.  This  pit  deepens,  and  widens  into  the  buccal  cavity. 
At  first  it  freely  communicates  with  the  embryo  nasal  chamber 
but  is  subsequently  cut  off  from  it  by  the  formation  of  the  hard 
palate,  though  the  anterior  palatine  foramina,  which  in  many 
animals  remain  patent,  keep  up  the  original  communication  be- 
tween the  oral  and  nasal  chambers.  The  lining  epithelium  _  of  the 
mouth  is  therefore  of  epiblast  origin,  and  is  continuous  with  the 
epiblast  cuticle  at  the  margins  of  the  lips  (fig.  208).  An  aperture 
of  communication  is  formed  in  the  course  of  time  between  the 
mouth  and  pharynx,  so  that  they  become  continuous  with  each 
other,  the  communication  being  established  at  the  fauces  or  pha- 
ryngo-oral  aperture.  . 

The  oesophagus  is  the  part  of  the  primitive  canal  which  imme- 
diately succeeds  the  primitive  pharynx,  and  when  the  formation  of 
the  visceral  chambers  is  completed,  it  lies  successively  in  the  neck, 
thorax,  and  abdomen. 

The  stomach  is  at  first  a  straight,  and  but  little  dUated  part 
of  the  canal,  lying  vertically  in  the  visceral  chamber,  and  con- 
nected to  the  ventral  surface  of  the  spinal  column  by  a  fold 
of  the  mesoblast,  named  the  mesogastrmm.  As  the  stomach 
dilates  and  assumes  its  curvatures,  it  turns  over  on  its  right  side, 
so  that  the  original  left  surface  becbmes  anterior,  and  the  right 
surface  posterior.  This  change  in  position  explains  why  the  left 
vagus  supplies  the  anterior  wall  of  the  stomach,  and  the  right 
vagus  the  posterior  waU.  The  mesogastrium  becomes  the  great 
omentum. 

The  duodenum  is  the  last  part  of  the  alimentary  canal  deve- 
loped from  the  fore-gut.  It  also  loses  its  straight  direction,  and 
forms  a  horse-shoe  curve. 

The  jejuimm  and  ileum  are  at  first  a  simple  loop  of  the 
primitive  middle  gut,  which  is  connected  to  the  ventral  sui-face  of 
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the  spine  hj  a  fold  of  the  mesoblast,  named  the  mesentery.  This 
loop  at  first  protrudes  out  of  the  abdominal  chamber  through 
the  umbilical  opening,  along  with  the  allantois  and  the  vessels  of 
the  umbilical  cord,  but  it  is  soon  withdrawn  into  the  abdomen. 
The  portion  of  the  loop  which  becomes  the  ikum  was  originally 
continuous  with  the  umbilical  vesicle  through  the  omphalo- 
mesenteric, or  mtello-intestinal  dud;  but  this  duct  atrophies,  and 
in  the  course  of  time  disappears.  As  the  jejunum  and  ileum  in- 
crease in  length,  they  become  more  and  more  convoluted,  and 
produce  the  coils  of  the  small  intestine. 

A  blind  sac  appears  in  the  course  of  the^middle  gut  beyond  the 
place  of  union  with  the  omphalo-mesenteric  duct.  This  sac  is  the 
rudimentary  caecum,  or  commencement  of  the  large  intestine.  The 
remaining  part  of  the  middle  gut  forms  a  portion  of  the  colon. 
The  coeoum  undergoes  a  great  expansion,  except  at  its  lower  part, 
'  which  remains  of  small  calibre  and  forms  the  appendix mrmiforniis. 
The  colon  also  expands  into  the  large  intestine,  and  is  continuous 
with  the  rectum,  formed  by  a  growth  and  dilatation  of  the  primi- 
tive hind  gut.  The  ccecum  and  colon  lie  in  their  early  stage  to  the 
left  of  the  mesial  plane,  but,  as  they  increase  in  length,  they 
pass  into  the  right  hj'pochondrium,  and  then  descend  through 
the  right  lumbar  region  into  the  right  iliac  fossa.  In  some  cases 
the  descent  of  the  ccECum  does  not  take  place,  and  it  then  remains 
in  the  adult  in  the  right  lumbar  region,  or  even  in  the  right  hypo- 
chondrium,  where  I  have  occasionally  seen  it.  In  other  cases  it 
descends  lower  down  into  the  pelvis. 

The  rectum  and  apparently  the  sigmoid  flexure  of  the  colon  are 
produced  by  growth  and  expansion  of  the  primitive  hind  gut. 
The  posterior  end  of  the  hind  gut  is  at  first  a  cul-de-sac,  but  the 
mesoblast  and  epiblast  wall  of  the  body,  opposite  the  end  df  the 
gut,  becomes  involuted  and  absorbed,  and  the  gut  then  opens  into 
a  fossa  called  the  cloaca,  common  to  it  and  to  the  external  orifices 
of  the  genital  tube  and  the  urtthra.  In  the  course  of  time  the  in- 
testinal orifice  becomes  completely  separated  from  the  genito-uri- 
nary,  by  the  growth  of  integument,  and  the  a/tiah orifice  is  formed. 
The  imperforate  anus,  sometimes  found  in  new-born  children,  is 
due  to  the  communication  between  the  blind  end  of  the  rectum  and 
the  surface  never  hafving  been  established. 

From  the  terminal  part  of  the  primitive  hind  gut  a  diverti- 
culum, called  the  allantois,  sprouts  out,  the  several  stages  of  the 
development,  and  atrophy  of  which  will  be  described  in  connec- 
tion with  the  development  of  the  genito'iirinary  apparatus. 
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In  the  wall  of  the  alimentary  canal  are  developed  numbers  of  race- 
mose glands,  of  tubular  gasti-ic  glands,  and  of  tubular  Lieberkiih- 
nian  glands.  The  epithelial  cells  lining  the  ducts  of  the  mucous 
and  salivary  glands  opening  into  the  mouth  are  involutions  of  its 
lining  epiblast  epithelium,  and  the  secreting  cells  within  the 
gland,  vesicles  are  probably  derived  from  the  same  layer,  whilst  the 
connective  tissue,  vessels,  and  nerves  of  these  glands  are  developed 
from  the  meso  blast. 

The  epithelium  of  all  the  tiibular  glands  situated  in  the  wall  of 
the  stomach  and  intestine  is  of  hypoblast  origin.  The  epithelial 
lining  of  the  ducts  of  Brunner's  glands,  and  of  the  racemose  glands 
in  the  wall  of  the  pharynx  and  oesophagus,  is  derived  from  the 
hypoblast,  but  there  is  a  question  how  far  the  secreting  cells  within 
the  gland  vesicles  are  of  hypoblast  or  of  mesoblast  origin.  The 
lymplioid  follicles  and  lymphatic  glands  are  developed  from  the 
mesoblast. 

The  Pancreas  is  developed  along  with  the  spleen  from  a  clump  of 
mesoblast  situated  in  connection  with  the  wall  of  the  duodenum.  A 
diverticulum  of  the  hypoblast  lining  of  the  duodenum  grows  into  it, 
which  gives  rise  to  the  epithelial  lining  of  the  pancreatic  duct ;  but 
as  to  the  cellular  contents  of  its  gland  vesicles,  as  well  as  those  of 
Brunner's  glands,  it  is  not  yet  determined  whether  they  are  derived 
from  mesoblast  or  hypoblast. 

The  Liver  arises  from  one  or  two  masses  of  mesoblast  situated  in 
connection  with  the  wall  of  the  duodenum.  A  diverticulum  from 
the  hypoblast  lining  of  the  duodenum  is  prolonged  into  it,  which 
branches  and  forms  the  epithelial  lining  of  the  bile  dircts  and  gaU 
bladder.  Columns  of  cells  then  arise  in  the  embryonic  organs, 
which  come  into  relation  with  the  branched  divisions  of  the  diver- 
ticulum from  the  hypoblast.  These  columns  form  the  secreting 
cells  of  the  liver,  but  there  is  a  difference  of  opinion  as  to  whether 
they  are  produced  from  the  mesoblast  cells,  or  from  the  hypoblast 
diverticula.  The  vessels,  nerves,  and  connective  tissue,  both  of  the 
liver  and  pancreas,  are  produced  by  differentiation  of  their  meso- 
blast cells. 

The  Organs  of  Kespiration  are  developed  in  connection  with  the 
wall  of  the  primitive  alimentary  canal. 

The  Idcngs  arise  as  two  bud-like  projections  in  the  wall  of  the 
primitive  fore  gut,  in  the  region  of  the  primordial  heart  and  liver. 
These  buds  are  hollow,  and  consist  of  collections  of  mesoblast  cells, 
into  which  a  diverticulum  of  the  hypoblast  lining  of  the  fore  gut 
is  prolonged.  Growth  and  thickening  of  the  anterior  or  ventral  waU 
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of  the  fore  gut  takes  place,  which  differentiates  into  the  larynx 
and  trachea.  From  the  lower  end  of  the  trachea  the  two  bronchi 
proceed,  which  become  continuous  with  the  hollow  space  in  the 
embryo  lungs.  The  characteristic  lung  substance  is  produced  bj^ 
repeated  divisions  and  subdivisions  of  the  bronchial  tube,  and  by 
growth  within  the  lung,  which  produces  the  lobular  and  vesicular 
structure  of  the  air  cells.  The  hypoblast  cells  form  the  epithelial 
lining  of  the  windpipe  and  air  cells  ;  whilst  the  mesoblast  cells  dif- 
ferentiate into  the  connective  tissue  of  the  lungs,  its  vessels  and 
nerves,  and  the  cartilaginous,  muscular  and  fibrous  structures  in  the 
walls  of  the  bronchi  and  air  cells.  In  its  general  mode  of  develop- 
ment the  lung  closely  corresponds  with  that  of  a  racemose  gland ; 
but  the  alveoli  or  air  vesicles  of  the  lung  are  not  occupied  by  secret- 
ing cells  as  are  the  vesicles  of  the  racemose  glands. 

The  trachea  is  formed  in  relation  to  the  ventral  aspect  of  the 
oesophageal  part  of  the  fore  gut,  and  the  larynx  to  the  pharnygeal 
part ;  the  larynx  opens  into  the  pharynx.  At  the  ninth  week  of 
intra-uterine  life  the  cartilages  of  the  larynx  are  formed,  and  the 
cartilage  of  the  epiglottis,  up  to  about  the  sixth  month,  has  the 
structure  of  hyaline  and  not  of  yellow  fibro-cartilage. 

The  2^^<^uro-perito7ical  cavity,  situated  between  the  somato- 
pleure  and  splanchno-pleure  layers  of  the  mesoblast,  becomes  lined 
by  an  endothelium,  produced  by  a  differentiation  of  the  mesoblast 
cells  situated  next  to  the  free  surface  of  each  layer.  As  the  splanch- 
no-pleure layer  differentiates  into  the  outer  coats  of  the  several 
viscera  which  have  just  been  described,  the  cells  covering  its  free 
surface  form  the  endothelium  of  the  visceral  layer  of  the  serous 
membrane  enveloping  the  viscera ;  whilst  the  cellular  covering  of 
the  somato-pleure  layer  forms  the  endothelium  of  the  free  surface 
of  the  parietal  part  of  the  serous  membrane.  The  pleuro-peri- 
toneal  cavity  on  each  side  of  the  body  of  the  embryo  is  one  chamber, 
but,  by  the  development  of  the  diaphragm,  the  pleura  and  lung 
become  shut  off  from  the  peritoneum  and  abdominal  viscera.  Occa- 
sionally, the  development  of  the  diaphragm  is  incomplete,  and  a 
communication  remains  between  the  pleural  and  peritoneal  chair  - 
bers.  Through  the  gap  the  abdominal  viscera  may  project  into 
the  pleural  sac  and  occasion  a  diaphragmatic  hernia.  The  heart 
was  originally  in  relation  to  the  pleuro-peritoneal  space,  but 
becomes  shut  off  from  it  by  the  development  of  the  fibro-serous 
wall  of  the  pericardium. 


CHAPTER  XI. 


URINAEY  SYSTEM. 


The  Urinary  Organs  are  for  the  purpose  of  separating 
from  the  blood,  and  conveying  out  of  the  body,  certain 
materials,  such  as  urea  and  uric  acid,  formed  by  the 
oxidation  within  the  body  of  its  nitrogenous  constituents. 
These  materials]  are  dissolved,  along  with  various  salts,  in 
a  large  proportional  quantity  of  water,  and  the  solution 
constitutes  the  Urine.  The  secretion  is  formed  in  a  pair 
of  glands,  the  Kidneys.  ^The  excretory  apparatus  for 
conveying  it  from  the  kidneys  to  the  surface  of  the  body, 
consists  of  a  duct  from  each  kidney,  the  Ureter ;  of  a 
reservoir,  the  Urinary  Bladder,  into  which  these  ducts 
open ;  and  of  a  single  duct,  the  Urethra,  leading  from  the 
bladder  and  opening  on  the  surface  of  the  body. 


The  Kidneys. 

The  kidneys  are  two  in  number,  and  are  placed  in 
relation  to  the  posterior  wall  of  the  abdominal  cavity,  one 
on  each  side  of  the  mesial  plane.  They  are  situated  in 
the  right  and  left  lumbar  regions,  and  reach,  from-  about 
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the  level  of  the  upper  border  of  the  12th  dorsal  vertebra, 
downwards  to  the  level  of  the  3rd  lumbar,  Luschka 


Fig.  218. — ^The  Urinary  Organs  in  the  female.  R,  the  right,  and  L,  the  left  kidney; 
the  left  kidney  is  drawn  with  iissures  on  its  surface,  such  as  are  sometimes 
seen  marking  its  separation  into  lobules;  U,  U,  the  ureters;  B,  the  bladder,  in 
which  are  u,  u,  the  openings  of  the  ureters;  ut,  the  urethra ;  w,  the  urachus. 


states  that  they  may  reach  as  high  as  the  level  of  the 
middle  of  the  11th  dorsal  vertebra.    As  a  rule,  the  left 
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kidney  is  a  little  higher  than' the  right.  The  hilus  of  the 
kidney  is  opposite  the  1st  lumbar  vertebra.  The  kidneys 
lie  behind  the  peritoneum,  and  are  surrounded  by  a  mass 
of  fat  and  loose  areolar  tissue. 

Each  kidney  is  about  4  inches  long,  2  to  3  inches 
wide,  and  from  1  to  inch  in  thickness.  The  average 
weight  is  between  4  and  5  oz. 

The  shape  of  the  kidney  is  characteristic.    It  possesses 
two  surfaces,  two  borders,  and  two  extremities.  The 
anterior  mrface,  is  convex,  and  looks  forwards  and  out- 
wards ;  on  the  right  side  it  is  in  relation  to  the  duodenum 
and  ascending  colon,  on  the  left  side  to  the  descending 
colon.    The  posterior  surface  is  flattened,  and  rests  on  the 
crus  of  the  diaphragm,  and  on  the  fascia  covering  the 
quadratus  lumborum  and  psoas  muscles :  on  a  plane  still 
more  posterior  to  the  upper  part  of  this  surface,  are 
portions  of  the  11th  and  12th  ribs.    The  outer  border  is 
convex,  and  directed  towards  the  postero-lateral  wall  of  the 
abdomen.    The  in7ier  border  is  concave,  and  directed  for- 
wards towards  the  spine  :  the  deep  fissure  in  this  border 
is  called  the  hilus,  and  allows  of  the  passage  of  the  vessels, 
nerves,  and  ureter  into  or  out  of  the  kidney.    The  icpper 
extremity  is  thicker  and  more  rounded  than  the  lower, 
and  has  the  supra-renal  capsule  in  relation  with  it.  The 
upper  end  of  the  right  kidney,  and  the  immediately 
adjacent  part  of  the  anterior  surface,  are  in  relation  to 
the  liver ;  the  corresponding  parts  of  the  left  kidney  are 
in  relation  to  the  spleen.    The  lower  extremity  is  smaller 
and  thinner  than  the  upper,  and  does  not  reach  so  low  as 
the  level  of  the  crest  of  the  ileum. 

In  rare  cases  one  kidney  has  been  known  to  be  con- 
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genitally  absent.  Occasionally  the  upper  ends  of  the  two 
kidneys  have  been  seen  to  be  united  together  by  an  inter- 
mediate portion  of  kidney  substance,  situated  in  front  of 
the  abdominal  aorta,  when  the  conjoined  organs  formed 
a  horseshoe-shaped  kidney. 

Structure  of  the  Kidney. 

The  kidney,  though  situated  in  the  abdomen,  does  not 
possess  a  serous  coat.  In  rare  instances,  however,  the  peri- 
toneum has  been  seen  to  invest  it  more  or  less  completely, 
and  in  these  cases  the  kidney  was  not  a  fixed,  but  a 
movable  organ,  known  as  a  floating  kidney. 

The  proper  coat  of  the  kidney  is  a  fibrous  membrane 
completely  investing  the  organ.  It  can  be  readily  stripped 
off  the  surface,  and  in  doing  so  very  delicate  processes  of 
connective  tissue  may  be  seen  passing  from  its  deep  sur- 
face into  the  substance  of  the  kidney.  It  is  also  continu- 
ous at  the  hilus  with  the  sheaths  of  the  various  structures, 
which  enter  the  gland.  The  inner  layer  of  the  proper 
coat  contains  a  wide-meshed  network  of  non-striped  mus- 
cular fibres.  When  the  fibrous  coat  is  stripped  off,  the 
surface  of  the  kidney  is  seen  to  be  quite  smooth,  and  of  a 
brownish-red  colour.  In  infants  and  children  it  is  not 
unfrequent  to  find  fissures  extending  for  some  distance 
into  the  substance  of  the  kidney,  a  condition  which  indi- 
cates the  lobular  construction  of  the  gland.  In  some  mam- 
mals, as  the  ox,  the  bear,  the  cetacea,  the  lobules  can  be 
readily  separated  from  each  other,  and  the  organ  is  divided 
into  numerous  independent  remdes ;  but  in  the  human 
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kidney,  that  of  the  sheep,  and  of  mammals  generally,  the 
lolmles' become  fused  together  into  a  single  organ. 

To  obtain  a  knowledge  of  the  structure  of  the  gland,  it 
will  be  necessary  to  make  longitudinal  sections  through 
the  organ  from  the  convex  border  to  the  hilus.  When 
this  is  done,  the  ureter  will  be  seen  to  enter  the  kidney  at 
the  hilus,  and  to  dilate  into  a  wide  pelvis,  which  divides, 
either  directly  or  indirectly,  into  several  short,  truncated 


Fig.  219.— a  longitudinal  section  through  the  kidney.  C,  C,  C,  the  cortical  sub- 
stance; M,M,  tlie  meduUary  pyramids;  p,  the  papillK;  c,  c  tlie  caljxts 
of  the  ureier;  P,  the  pelvis  ;  U,  ureter.;  .A,  renal  artery;  V,  renal  vem. 

branches,  the  calices,  or  infimdihula.  The  substance  of 
the  kidney  itself  consists  obviously  of  two  parts,  an  ex- 
ternal highly  vascular  part  forming  the  surface  of  the 
kidney,  and  named  the  cortical  portion ;  and  an  internal 
or  central  part,  next  the  calices  and  pelvis,  named  the 
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medullanj  portion.  As  prolongations  of  the  cortex,  named 
the  columns  of  BeHin,  dip  into  the  medullary  part,  they 
divide  the  latter  into  from  ten  to  eighteen  distinct  masses, 
each  possessing  a  pyramidal  form ;  they  are  named  the 
medullary  pyramids,  or  pyramids  of  Malpighi.  The  base 
and  sides  of  each  of  these  pyramids  are  directed  to,  and 
bounded  by  the  cortex  :  the  apex  forms  a  papilla,  which 
projects  into  one  of  the  calices,  produced  by  the  branching 
of  the  pelvis  of  the  ureter.  Each  of  these  pyramids,  with 
the  cortical  substance  in  immediate  relation  to  it,  forms 
one  of  the  primary  lobules  of  the  kidney,  and  is  homolo- 
gous therefore  with  one  of  the  renules  of  the  ox's  kidney. 

If  the  surface  of  a  section  through  one  of  these  pyramids 
be  examined  with  a  pocket  lens,  it  will  be  seen  to  possess 
a  striated  appearance,  and  the  striae  radiate  from  the 
papillary  apex  to  the  base  of  the  pyramid.  These  strise 
indicate  that  the  pyramid  is  principally  composed  of  tubes, 
the  tubuli  uriniferi.  The  urinary  tubules  commence  at  the 
papilla,  on  the  surface  of  which  the  openings  of  about 
twenty  of  these  tubes  may  be  seen.  The  kidney  is  there- 
fore a  tubular  gland. 

In  order  to  trace  out  the  arrangement  of  the  tubes,  it 
will  be  necessary  to  examine  thin  sections  with  higher 
powers  of  the  microscope.  If  we  start  with  a  tubule, 
where  it  opens  on  the  surface  of  a  papilla,  as  the  ductm 
papillaris,  and  trace  it  into  a  medullary  pyramid,  we  find 
that  in  its  course  it  bifurcates  repeatedly  at  acute  angles 
into  smaller  branches,  which  slightly  diverge  from  each 
other,  and  ultimately  reach  the  base  of  the  pyramid. 
These  branching  tubes  are  called  the  straight  or  collecting 
tubes  ;  they  then  enter  the  cortex  in  bundles,  which  are 


KIDNEY. 


785 


named  the  medullary  rays,  or  the  pyramids  of  Ferrein. 

In  the  cortex  the  tubes  extend  towards  the  surface  of  the 

kidney  preserving  their 

straight  course,  when 

they  again  branch,  and 

the  branches,  which  are 

at   first    dUated  and 

tortuous,  are  named  the 

intermediary  or  junc- 
tional tubes.  Each 

intermediary  tube  then 

diminishes  iu  calibre, 

and  descends  for  a  vari- 
able distance  into  the 

medullary  pyramid, 
where    it    turns  on 

itself,    forms   a  loop, 
known  as  the  looped 
tube  of  Henle,  and  re- 
enters the  cortex  as 
the  ascending  limb  of 
the  looped  tube.  In 
the  cortex  the  ascend- 
ing tube  becomes  con- 
tinuous with  a  dilated 
and  very  tortuous  tube, 
which  opens,  as  was  clearly  shown  by  Bowman,  into  a  dilated 
and  closed  sac,  named  Bowman's  capsule.    The  junction 
of  this  capsule  with  the  tortuous  tube  is  marked  by  a 
constricted  nech,  and  the  tortuous  tube  is  called  the  con- 
voluted  tube. 


Fig.  220— Scheme  of  the  arrangement  of  the 
Urinary  tiihules.  p,  the  ductus  papillaris 
s,  the  branching  straiglit  tubes ;  i,  i,  in- 
termediary tubes;  I,  I,  looped  tubes  with 
a^cendillg  and  descending  limbs;  c,  c,  con- 
voluted tubes  ending  in  Bowman's  capsules; 
V,  V,  vas  afferens  and  efferens. — From 
Ludwig. 
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The  convoluted  tubes  and  Bowman's  capsules  occur  only 
in  the  cortex  of  the  kidney;  and  they,  with  their  contents, 
are  the  characteristic  structures  seen  in  it  on  microscopic 
examination.  Strictly  speaking,  Bowman's  capsule  is  the 
dilated  commencement  of  a  urinary  tubule,  which  possesses 
the  long  and  complicated  course  described  as  the  con- 
voluted, looped,  intermediary  and  straight  tubules,  before 
it  opens  on  the  surface  of  the  papilla  at  the  ductus  papil- 
laris. The  cortex  of  the  kidney  contains  many  thousands 
of  Bowman's  capsules.  The  intermediary  tubes  are  also 
found  only  in  the  cortex.  The  looped  and  straight  tubes 
occur  both  in  the  cortex  and  in  the  medullary  pyramids. 
The  diameter  of  the  several  kinds  of  tubes  is  not  uniform. 
The  straight  tubes  within  the  papilla  are  from  ^-jQ-th  to 
■j^th  of  an  inch,  that  of  their  branches  ^-g-g^th,  which  is 
also  about  the  diameter  of  the  convoluted  tubes.  The 
looped  tubes  are  considerably  smaller,  and  the  limb,  which 
descends  from  the  intermediary  tube  into  the  medullary 
pyramid,  is  wider  than  that  which  ascends  from  the  pyra- 
mid to  the  convoluted  tube.  Bowman's  capsules  vary  in 
diameter  from  xw^^  2T0 

The  wall  of  each  tube  is  formed  of  a  dehcate  membrane, 
or  tunica  propria.  Generally  speaking,  the  membrane  is 
extremely  thin  and  homogenous,  with  occasional  nuclei, 
but  Frey  states  that  in  the  looped  and  convoluted  tubes  it 
is  thicker  than  in  the  straight  tubes ;  and  in  the  ductus 
papillaris,  the  tunica  propria  is  said  to  be  absent.  The 
tubes  are  lined  by  an  epithelium,  which  varies  in  its 
character  in  diflFerent  localities.  In  the  ductus  papillaris 
the  epithelium  consists  of  low  columns.  In  the  straight 
tubes  it  is  much  more  distinctly  columnar.    In  the  inter- 
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mediary  and  convoluted  tubes,  it  consists  of  a  clouded 
mass  of  nucleated  protoplasm,  which  presents  a  very  im- 
perfect differentiation  into  individual  cells;  this  mass  so 
fills  up  the  tube  as  to  leave  a  very  small  lumen.  In  the 
looped  tubes  the  epithelium  is  flattened,  and  with  distinct 
ovoid  nuclei,  which  project  towards  the  lumen  of  the  tube; 
but  from  the  observations  of  W.  Pye,  cubical  epithelium 
occurs  in  the  wider  parts  of  the  looped  tube,  and  where 
the  tube  joins  the  intermediary  tube,  the  cells  are  more 
elongated,  and  the  lumen  of  the  tube  is  diminished. 

The  intervals  between  the  tubes  both  in  the  medullary 
and  cortical  parts  of  the  kidney,  are  occupied  by  connec- 
tive tissue  and  blood-vessels.  The  connective  tissue  stroma 
within  the  kidney  was  first  described  by  Bowman  and 
Goodsir.  In  the  meduUary  region  this  tissue  is  distinctly 
fibrillated,  but  in  the  cortex  the  fibrillated  tissue  is  very 
sparing,  and  the  connective  tissue  stroma  of  the  gland 
consists  essentially,  as  Arnold  Beer  pointed  out,  of  spindle- 
shaped  and  stellate  corpuscles. 

The  blood-vessels  of  the  kidney  consist  of  the  renal 
artery  and  renal  vein,  with  their  capillaries. 

The  renal  artery  arises  from  the  side  of  the  abdominal 
aorta,  and  runs  transversely  outwards  to  the  hilus  of  the 
kidney,  where  it  divides  into  several  branches  before 
entering  the  gland.  Sometimes  two,  or  even  three,  renal 
arteries  arise  independently  from  each  side  of  the  aorta. 
The  branches  of  the  renal  artery  enter  the  hilus  between 
the  calices  of  the  ureter ;  they  penetrate  and  divide  into 
smaller  branches  within  the  columns  of  Bertin,  or  pro- 
longations of  cortical  substance  that  lie  between  the  sides 
of  the  medullary  pyramids.    When  they  reach  the  level  of 
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the  bases  of  the  pyramids,  they  arch  between  them  and  the 
cortex,  and  form  a  series  of  arterial  arcades,  which  have 
but  little  communication  with  each  other.  From  these 
arterial  arches  numerous  branches  pass  outwards  into  the 
cortex.    They  run  almost  straight  towards  its  free  surface, 


Fig.  221.  ^Vertical  section  through  the  cortex  of  the  Kidney,    ai,  ai,  interlobular 

arteries;  a,  a,  vasa  afferentia;  g,  g.  glomeruli;  e,  e,  vasa  efferentia;  c,  c,  c, 
capillaries  of  the  cortex,  partly  sun-ounding  the  convoluted  tubules,  and 
partly  surrounding  the  straight  tubules  of  the  medullary  rays,  mr,  mr;  vs, 
stellate  vein  on  the  surface  of  the  cortex;  vi,  vi,  interlobular  veins ;  ar.  the 
straight  arteries,  and  vr,  the  straight  veins  of  the  medullary  pyramids.— From 
an  injection  by  T.  A.  Carter.   +  40. 

and  lie  in  the  intervals  between  adjoining  medullary  rays. 
They  are  named  interlobular  arteries,  and  give  off  both 
collaterally  and  terminally  short  branches,  called  vasa 
afferentia,  and  at  the  surface  of  the  kidney  supply  small 
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branches  to  its  fibrous  coat.  Each  vas  afferens,  invested 
by  its  sheath  of  connective  tissue,  passes  to  a  Bowman's 
capsule  in  its  immediate  neighbourhood,  the  wall  of 
which  it  appears  to  perforate  at  one  pole.  It  divides 
in  the  capsule  into  from  four  to  eight  branches,  which 
subdivide  into  capillaries,  and  form  a  vascular  tuft  or 
glomerulus,  called  the  MalpigJiian  tuft,  situated  opposite 
to  the  junction  of  the  capsule  with  the  urinary  tubule. 
From  the  capillaries  of  the  tuft  a  vessel  arises,  which 


Fig  222 — Section  through  the  cortex  of  the  kidney.  C,  Bowman's  capsule  con- 
taining g,  a  glomerulus;  ai,  interlobular  artery;  a,  vas  afferens,  and  e,  vas 
efferens;  c,  c,  c,  convoluted  tubules  suri-ounded  by  a  capillary  plexus  springing 
from  the  efferens.  In  order  to  show  the  glomerulus,  the  cellular  contents  of 
Bowmnn's  capsule  have  not  been  represented.   X  300. 

passes  out  of  Bowman's  capsule  as  the  vas  efferens.  It 
usually  emerges  quite  close  to  the  vas  afferens,  but  at  once 
diverges  from  it,  and  after  a  short  course  ends  in  a  net- 
work of  capillaries,  distributed  between  and  around  the 
convoluted  tubules  (fig.  222). 
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The  wall  of  Bowman's  capsule  is  extremely  thia,  and 
according  to  Ludwig  consists  of  a  layer  of  flattened  cells, 
on  the  outer  surface  of  which  is  a  little  connective  tissue. 
These  cells  form  the  lining  epithelium  of  the  capsule. 
The  glomerulus  occupies  the  interior  of  the  capsule,  but  is 
not  adherent  to  its  wall.  By  most  observers  it  is  believed 
that  the  epithelial  lining  of  the  capsule  is  reflected  on  the 
surface  of  the  glomerulus,  to  form  a  covering  for  it,  con- 
sisting of  granulated  cells,  smaller  and  somewhat  thicker 
than  those  of  the  epithelial  lining  of  the  capsule.  By 
other  observers  again,  the  demonstration  of  the  cellular 
covering  of  the  glomerulus  is  not  considered  to  have  been 
satisfactorily  established.  From  the  observations  of  Seng 
and  of  Walter  Pye,  not  only  the  entire  glomerulus,  but  the 
several  subdivisions  of  the  tuft,  are  in  the  fcetal  kidney 
invested  by  epithelial  cells.  As  Bowman's  capsule  is  pro- 
duced by  a  folding  of  the  wall  of  the  foetal  tubule  over 
the  glomerulus,  the  cells  which  cover  the  tuft  are  the  epi- 
thelium of  the  foetal  urinary  tubule. 

The  capillaries,  which  lie  in  the  stroma  between  the 
convoluted  tubules,  form  a  network  around  these  tubules, 
which  joins  the  capillary  network  around  the  straight 
tubules  of  the  medullary  rays,  so  that  the  capillaries 
form  a  continuous  plexus  throughout  the  cortex.  Ac- 
cording to  Ludwig,  lacuniform  spaces,  often  filled  with 
fluid,  intervene  between  the  wall  of  the  capillaries  and 
that  of  the  urinary  tubes.  Minute  veins  arise  from  this 
capillary  plexus.  Those  that  arise  from  the  capillaries 
surrounding  the  tubules  at  the  free  surface  of  the  cortex, 
are  arranged  in  a  star-like  manner,  and  form  the  vence 
stellatce,  which  also  receive  small  veins  from  the  fibrous 
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coat.  The  stellate  veins  give  origia  to  larger  veins,  whicli 
pass  through  the  cortex  towards  the  meduUa,  along  with  the 
interlobular  arteries,  and  receive  in  their  course  numerous 
smaU  veins  from  the  cortical  capillary  plexus.  They  unite 
near  the  bases  of  the  medullary  pyramids  into  larger  veins, 
which  form  venous  arcades  (fig.  221). 

But  the  renal  artery  also  -gives  branches  to  the  medul- 
lary pyramids  of  the  kidney,  and  perforating  branches, 
which  pierce  the  fibrous  coat,  and  anastomose  in  the  sur- 
rounding fat  with  the  extra-peritoneal  system  of  arteries 
(p.  433).    The  branches  to  the  pyramids  are  named  arteries 
rectcB,  and  in  part  arise  directly  from  the  branches  of  the 
renal  artery,  situated  near  the  sides  and  bases  of  the  pyra- 
mids, and  in  part  consist  of  vasa  efferentia,  proceeding 
from  those  glomeruli  in  the  cortex,  which  lie  close  to  the 
medulla.    In  the  pyramids  the  arterise  rectse  divide  into 
capillaries,  which  form  a  plexus  in  the  stroma  and  surround 
the  straight  and  the  looped  tubes.    To  some  extent,  there- 
fore, but  not  altogether,  the  circulation  of  blood  to  the 
medullary  pyramids  is  independent  of  that  in  the  cortex. 
Veins  called  venulce  rectos  correspond  to  the  arterise  rectsB, 
and  run  from  the  apex  to  the  base  of  a  pyramid,  where 
they  end  in  the  larger  veins  of  the  cortex.    These  join  to 
form  the  venous  trunks,  which  accompany  the  arteries  in  the 
columns  of  Bertin  to  the  hilus,  where  they  unite  to  form 
the  renal  vein,  which  lies  in  front  of  the  artery,  and  opens 
into  the  inferior  cava. 

Lymphatic  vessels  emerge  from  the  hilus  of  the  kidney 
and  from  its  fibrous  coat.  The  superficial  lymphatics 
arise,  according  to  Ludwig,  from  lymph-spaces,  situated 
between  the  convoluted  tuba^i  of  the  cortex.    The  origin 
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of  tte  deeper  lymphatics  is  not  known.  Nerves  accom- 
pany the  blood-vessels  into  the  kidney  :  they  arise  from 
the  renal  plexus  of  the  sympathetic  nerve,  which  is  joined 
by  the  smallest  splanchnic  nerve. 


THE  UEETEES. 

The  Ureters  are  two  tubular  ducts,  which  convey  the 
urine  from  the  kidneys  to  the  bladder.  Each  ureter 
arises  at  the  hilus  of  its  kidney  from  the  dilated  pelvis 
formed  by  the  junction  of  the  calices.  The  ureter  is 
about  fifteen  inches  long,  and  descends  behind  the  peri- 
toneum covering  the  posterior  wall  of  the  abdomen  into 
the  pelvis,  where  it  runs  forward  to  reach  the  base  of  the 
bladder,  the  wall  of  which  it  pierces  obliquely  before 
opening  into  its  cavity  by  a  slit-like  orifice  (fig.  218). 

Structure. — The  ureter  possesses  several  coats.  The  ex- 
ternal is  a  tunica  adventitia  formed  of  connective  tissue  : 
within  this  is  a  muscular  coat  of  non-striped  fibre  arranged 
in  three  layers,  of  which  the  internal  and  external  layers  are 
longitudinal,  and  the  middle^layer  is  circular.  The  internal 
coat  is  a  mucous  membrane,  and  between  it  and  the  mus- 
cular coat  is  the  submucous  coat.  The  epithelium  cover- 
ing the  mucous  coat  resembles  that  of  the  bladder  to  be 
immediately  described.  Where  the  calices  embrace  the 
papillary  apices  of  the  medullary  pyramids  of  the  kidney, 
the  tunica  adventitia  of  the  cortex  is  continuous  with  the 
adjacent  fibrous  coat  of  the  kidney,  and  the  mucous  lining 
is  prolonged  upon  the  surface  of  the  papilla.  The  longi- 
tudinal muscular  fibres  disappear  near  the  attached  border 
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of  the  calyx,  but  the  circular  fibres  have  been  described 
by  Henle  as  forming  a  circular  muscle  around  the  papiUa, 
where  the  mucous  membrane  is  reflected  on  it. 

The  coats  of  the  ureter  receive  blood  through  small, 
branches  of  the  renal,  spermatic,  and  inferior  vesical  arte- 
ries. Nerves  from  the  spermatic  and  hypogastric  plexuses 
also  pass  to  them. 


tmiNAEY  BLADDEE. 

The  Urinary  Bladder  is  the  reservoir  in  which  the  urine 
collects  prior  to  being  expelled  along  the  urethra.  It 
varies  in  size,  shape,  and  consequently  in  position,  with 
the  amount  of  urine  it  contains.  When  quite  empty  it 
lies  in  the  cavity  of  the  pelvis,  behind  and  above  the  pubic 
bones  and  symphysis.  When  moderately  full  it  rises 
slightly  above  the  pubic  symphysis  into  the  hypogastrium, 
and,  as  its  distension  increases,  it  ascends  still  higher  into 
this  region.  The  empty  bladder  is  flattened  in  form  ; 
when  moderately  full  it  is  rounded ;  when  much  distended 
it  is  ovoid,  and  its  longest  axis  is  directed  from  above, 
downwards  and  backwards. 

The  following  parts  may  be  recognized  in  a  well-dis- 
tended bladder,  a  base,  an  apex,  an  anterior  a  posterior 
and  two  lateral  surfaces,  and  a  cervix  or  neck.  Its  base  or 
fundus  is  directed  backwards  towards  the  second  part  of 
the  rectum,  from  which  it  is  separated,  in  the  male,  by  the 
vesiculse  seminales,  and  the  recto-vesical  layer  of  the  pelvic 
fascia.  Its  apex  is  directed  forwards  to  the  hypogastrium, 
and  from  it  a  fibrous  cord,  the  obliterated  urachus, 
proceeds  towards,  and  often  as  far  as  the  navel.  The 
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anterior  surface,  directed  downwards  and  forwards,  is  in 
relation  to  the  pubic  bones  and  symphysis,  and  to  the 
anterior  wall  of  the  abdomen,  in  the  region  of  the  hypo- 
gastrium,  to  all  of  which  it  is  attached  by  loose  areolar 
tissue.  The  'posterior  surface,  directed  upwards  and  back- 
wards, is  covered  by  peritoneum,  and  is  separated  from  the 
first  part  of  the  rectum  by  the  recto-vesical  pouch,  in 
which  some  coils  of  the  small  intestine  may  be  lying.  The 
lateral  surface  is  partially  covered  by  peritoneum,  and  has 
the  vas  deferens  and  obliterated  hypogastric  artery  running 
along  it.  The  neck  is  situated  immediately  in  front  of  the 
base,  and  gives  origin  to  the  urethra ;  it  is  the  lowest  or 
most  depending  part  of  the  bladder,  and  in  the  male  is 
embraced  by  the  base  of  the  prostate  gland. 

Passing  to  the  bladder  are  two  important  membranes, 
which,  together  with  its  vessels  and  ducts,  retain  it  in 
position.  These  membranes  are  the  peritoneum  and  the 
pelvic  fascia. 

The  Peritoneum  forms  the  false  ligaments  of  the  bladder, 
and  is  arranged  with  reference  to  it  as  follows  : — The  peri- 
toneum is  reflected  from  the  rectum  to  the  posterior  surface 
of  the  bladder  as  two  folds,  named  the  2Msterior  false 
ligaments,  which  form  the  lateral  boundaries  of  the  recto- 
vesical pouch,  or  pouch  of  Douglas.  Having  reached  the 
bladder  the  peritoneum  covers  its  posterior  surface,  and 
extends  for  a  variable  distance  over  the  base  or  fundus ;  in 
the  empty  bladder  the  peritoneal  covering  for  the  base 
is  more  extensive  than  when  the  bladder  is  distended. 
The  peritoneum  passes  over  the  sides  of  the  bladder  as  far 
as  the  obliterated  hypogastric  arteries,  when  it  is  reflected  to 
the  side  walls  of  the  pelvis  as  the  lateral  false  ligaments. 
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It  also  extends  to  the  apex  of  the  bladder,  where  it  is  re- 
flected to  the  anterior  wall  of  the  abdomen,  along  the  line 
of  the  urachus,  as  the  superior  or  false  ligament.  The 
anterior  surface  of  the  bladder  is  not  covered  by  the  peri- 
toneum, so  that  when  the  bladder  rises  above  the  pubes  it 
can  be  opened  without  injuring  that  membrane.  The  cervix 
likewise  has  no  relation  to  the  peritoneum.  The  absence 
of  a  peritoneal  covering,  on  the  anterior  part  of  the  base  of 
the  bladder,  enables  the  surgeon  to  puncture  the  bladder 
from  the  rectum  without  injuring  the  serous  membrane. 

The  Pelvic  Fascia  gives  rise  to  the  true  ligaments  of  the 
bladder.  As  this  important  fascia  is  intimately  related, 
not  only  to  the  bladder,  but  to  all  the  other  pelvic  viscera, 
it  will  be  advisable  to  examine  its  arrangement  generally. 
The  pelvic  fascia  is  attached  to  each  side  of  the  pelvic 
brim,  and  to  the  back  of  the  bodies  of  the  pubic  bones;  it 
descends  into  the  pelvis  on  the  inner  surface  of  the  internal 
obturator  muscle,  is  prolonged  downwards  as  far  as  the 
spine  and  tuberosity  of  the  ischium,  to  both  of  wliich  it  is 
attached,  and  is  often  called  the  obturator  fascia.  Be- 
hind the  spine  of  the  ischium  the  fascia  is  prolonged 
backwards  as  a  thin  membrane  on  the  anterior  aspect 
of  the  pyriformis  muscle,  sacral  plexus  of  nerves,  and 
great  sciatic  foramen.  It  lies  behind  the  internal  iliac 
artery  and  its  branches,  and  is  pierced  by  the  gluteal, 
sciatic,  and  pudic  arteries  in  their  course  to  the  great 
sciatic  foramen.  From  the  relation  of  this  part  of  the  fascia 
to  the  anterior,  lateral,  and  posterior  part  of  the  pelvic 
wall,  it  may  appropriately  be  called  the  parietal  division  of 
the  pelvic  fascia. 

On  a  line  with  the  spine  of  the  ischium  and  the  back  of 
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the  pubis  the  fascia  gives  rise  to  a  strong  band,  which 
passes  inwards  to  the  pelvic  viscera,  and  may  appro- 
priately be  called  the  visceral  division  of  the  pelvic  fascia. 
Where  this  visceral  band  is  given  off  the  fascia  is  whiter 
and  more  opaque,  and  is  known  as  the  white  line.  The 
most  anterior  part  of  the  visceral  division  of  the  fascia 
passes  backwards,  in  the  male,  to  the  upper  surface  of  the 
prostate  gland,  forming  the  puho-prostatic  ligament,  and  is 
then  reflected  on  the  front  of  the  bladder  as  its  anterior  true 
ligament.  The  lateral  portion  of  the  visceral  division  passes 
inwards,  and,  in  the  male,  splits  into  three  layers,  the  most 
superior  of  which  reaches  the  side  of  the  bladder  to  form  its 
lateral  true  ligament;  the  middle  layer  goes  between  the 
base  of  the  bladder  and  the  rectum  as  the  recfo-vesical  layer 
of  the  fascia ;  whilst  the  most  inferior  layer  forms  the  rectal 
layer,  which  passes  under  the  second  and  third  parts  of  the 
rectum  and  ensheaths  the  levator  ani.  The  pubo-prostatic 
ligament  gives  rise  to  the  fibrous  capsule  of  the  prostate 
gland,  and  the  recto-vesical  layer  ensheaths  the  vesiculae 
seminales,  and  the  corresponding  parts  of  the  vasa  de- 
ferentia,  which  lie  between  the  rectum  and  bladder. 

The  Urachus,  which  is  prolonged  from  the  apex  of  the 
bladder  to  the  anterior  wall  of  the  abdomen,  is  a  fibrous 
cord,  representing,  in  the  adult,  an  embryonic  canal,  con- 
necting the  bladder  with  the  extra-abdominal  part  of  the 
allantois.  As  development  advances  the  allantois  disap- 
pears and  the  urachus  shrivels  up  into  a  fibrous  cord, 
sometimes  called  the  middle  vesical  ligament.  Cases  some- 
times occur  in  which  the  urachus  remains  pervious  for  a 
short  distance,  and  communicates  with  the  bladder. 
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Structure  of  the  Bladder. 

The  Bladder  possesses  four  coats— serous,  muscular,  sub- 
mucous, and  mucous. 

The  serous  or  external  coat  furnishes  only  a  limited 
investment  to  the  bladder,  as  has  already  been  described. 

The  muscular  coat  is  formed  of  fasciculi  of  non-striped 
fibres  arranged  in  three  layers.    The  fasciculi  of  the  exter- 
nal longMinal  layer  arise  from  the  posterior  surface  of  the 
body  of  the  two  pubic  bones,  and  from  the  adjacent  part  of 
the  prostate  gland  and  its  capsule ;  they  reach  the  anterior 
surface  of  the  bladder,  ascend  as  far  as  its  apex,  and  then 
pass  downwards  on  its  posterior  surface  and  base,  as  far  as 
the  neck  of  the  bladder  and  the  under  surface  of  the  pro- 
state.    This  layer  has  been  named  the  detrusor  urincB 
muscle.    The  circular  layer  lies  next  the  external  longitu- 
dinal layer,  and  consists  of  fasciculi  which,  though  to  some 
extent  placed  transversely  to  the  long  axis  of  the  bladder, 
are  for  the  most  part  arranged  obliquely.    At  the  neck  of 
the  bladder  they  increase  in  numbers  and  form  the  sphincter 
vesicae  muscle.    Pettigrew  has  described  the  external  longi- 
tudinal and  circular  layers  as  forming  together  a  series  of 
figure-of-8  spiral  loops.    The  internal  longitudinal  layer 
was  first  described  by  Ellis,  and  consists  of  slender  fasciculi 
arranged  longitudinally  in  relation  to  the  sub-mucous  coat. 
The  muscular  coat  by  its  contraction  expels  the  urine  from 
the  bladder  into  the  urethra.    In  cases  where  the  urethra 
is  obstructed  by  stricture,  or  by  enlargement  of  the  prostate, 
the  muscular  coat  becomes  greatly  hyper trophied. 

The  sub-mucous  coat  forms  a  layer  of  vascular  connnec- 
tive  tissue  between  the  muscular  and  mucous  coats.    It  is 
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almost  absent  in  the  region  of  the  trigone  of  the  bladder. 
The  mucous  or  internal  coat  is  thrown  into  folds  or  rugse  in 
the  empty  bladder,  owing  to  the  laxity  of  the  sub-raucous 
coat,  but,  when  the  bladder  is  distended,  the  raucous  coat 
is  smooth.  The  mucous  lining  of  the  base  of  the  bladder 
is,  however,  smooth,  even  in  the  contracted  bladder,  over 
a  triangular  surface,  bounded  behind  by  a  line  drawn 
transversely  between  the  two  uretral  openings,  and  on 
each  side  by  a  line  drawn  from  the  uretral  orifice  to  the 
opening  of  the  urethra.  This  triangular  surface  is  called 
the  trigone  of  the  bladder,  and  it  corresponds,  internally 
to  a  triangular  region  on  the  outside  of  the  base  of  the 
bladder,  bounded  on  each  side  by  the  vesicula  seminalis 
and  vas  deferens,  in  front  by  the  prostate  gland,  and 
behind  by  tbe  line  of  reflection  of  the  peritoneum  from 
the  rectum  to  the  bladder. 

The  free  surface  of  the  mucous  membrane  is  covered  by 
a  stratified  epithelium,  the  cells  of  which  are  multiform  in 


Fig.  223. — Epithelial  cells  from  the  mucous  membrane  of  the  Bladder.  Those  in 
the  upper  row  are  the  snperficiul  squamous  cells ;  those  in  the  lower  row  are 
the  peculiar  cells  of  the  middle  stratum. 

shape.  The  superficial  stratum  consists  of  large  flattened 
cells  with  large  distinct  nuclei ;  the  middle  stratum  con- 
sists of  pear-shaped  cells,  the  broad  ends  of  which  are  in 
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contact  with  the  deep  surface  of  the  cells  of  the  superficial 
stratum,  whilst  the  narrow  end  is  prolonged  between  the 
cells  of  the  deepest  stratum,  which  are  irregularly  oval  or 
rounded  cells,  with  sometimes  a  slender  process  prolonged 
between  the  narrow  ends  of  the  pear-shaped  cells.  Small 
racemose  glands  open  on  the  surface  of  the  mucous  mem- 
brane, especially  in  the  region  of  the  cervix ;  their  excre- 
tory ducts  are  lined  by  columnar  epithelium. 

The  arteries  which  supply  the  bladder  with  blood  are 
the  superior  vesical  branch  of  the  hypogastric  artery,  and 
the  inferior  vesical  branch  of  the  internal  iliac,  which  are 
distributed  in  the  muscular  coat,  and  give  rise  to  a  capil- 
lary network  in  the  mucous  membrane.  The  veins  pass  to 
the  vesical  venous  plexus.  Lymphatics  occur  in  the  walls 
of  the  bladder,  especially  in  the  trigone,  in  which  region 
solitary  lymph  follicles  are  also  found  ;  the  lymph  vessels 
join  the  lymphatics  which  accompany  the  internal  iliac 
artery.  The  nerves  proceed"  from  the  hypogastric  plexus 
of  the  sympathetic  and  from  the  sacro-coccygeal  plexuses, 
r.  Darwin  has  traced  slender  plexuses  with  nerve  cells 
accompanying  the  blood-vessels. 
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THE  UEETHEA. 

As  the  Urethra  in  the  male  is  the  excretory  duct  for 
both  the  urine  and  the  secretion  of  the  genital  glands,  the 
consideration  of  its  anatomy  will  be  deferred  until  the 
next  chapter. 

The  urethra  in  the  female,  conveys  only  the  urine. 
It  is  a  tube  about  \\  inch  long,  which,  arising  as  a 
funnel-shaped  tube  from  the  neck  of  the  bladder,  passes 
downwards  and  forwards  under  the  pubic  arch  to  open  on  the 
vulva,  between  the  nymphse,  immediately  above  the  orifice 
of  the  vagina,  and  about  an  inch  below  the  clitoris.  It  is 
imbedded  in  the  anterior  waU  of  the  vagina,  and  is  in  a 
part  of  its  course  surrounded  by  the  fibres  of  the  compressor 
urethraj  muscle.  It  is  lined  by  a  mucous  membrane,  con- 
tinuous with  that  of  the  bladder,  which  is  elevated  into 
longitudinal  folds.  This  membrane  is  covered  by  a  strati- 
fied squamous  epithelium,  and  mucous  glands  open  on  its 
surface.  The  wall  of  |the  urethra,  external  to  the  mucous 
membrane,  is  very  vascular,  and  contains  large'veins ;  the 
vessels  are  mingled  with  connective  tissue  and  a  circular 
layer  of  non-striped  muscular  fibres. 


CHAPTER  XII. 


EEPEODUCTIVE  SYSTEM. 


The  Reproductive  System  consists  of  organs,  the  office 
of  which  is  to  provide  for  the  perpetuation  of  the  race. 
These  organs  differ  from  each  other  in  the  two  sexes  :  but, 
both  in  the  male  and  female,  the  materials  essential  for  the 
reproductive  process  are  the  products  of  two  genital  glands, 
and  are  conveyed  along  a  system  of  tubes  and  passages. 

Male  Okgans  of  Repboduction. 

The  essential  organs  of  Reproduction  in  the  male  are 
the  Testicles,  or  genital  glands,  in  which  the  semen  is 
secreted.  From  each  testicle  a  duct  proceeds,  called  Vas 
Deferens,  which  conveys  the  semen  to  the  Urethra.  The 
male  urethra  is  for  the  greater  part  of  its  extent  contained 
in  the  Penis,  or  organ  of  copulation.  Certain  accessory 
structures  to  the  male  generative  apparatus  are  named 
Vesiculse  Seminales,  Prostate  Gland,  and  Cowper's  Glands. 
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THE  TESTES  ANB  SPEEMATIC  CORDS. 

The  Testes  or  Testicles  are  two  glands  situated  in  tlie 
Scrotum,  and  the  Spermatic  Cord  is  the  collection  of 
vessels,  nerves,  and  the  excretory  duct  connected  with  each 
testis.  As  the  testicle  and  the  cord  in  the  scrotum  are 
invested  by  several  structures,  technically  called  their 
coverings,  these  will  first  be  described. 


Fig.  224.  General  view  of  the  Male  organs  of  generation.   T,  testicle;  ve,  vasa 

efferentia;  m,  globus  major,  and  mi,  globus  minor  of  epididymis;  va,  vas  aber- 
rans ;  vd,  vd,  vas  deferens ;  vs,  vesicula  seminalis ;  p,  prostate  gland,  with  v,  the 
vesicula  prostatica  and  the  common  ejaculatoiy  duct  piercing  it  to  open  into 
the  urethra;  ur,  the  urethra;  b,  the  bulb;  cs,  corpus  spongiosum;  cc,  coi-pns 
cavernosum;  g;  glans  penis;  p,  prepuce;  B,  bladder. 

The  ScROTTTM  consists  of  a  purse-like  fold  of  the  integu- 
ment, which  hangs  pendulous  between  the  two  thighs. 
Its  skin  is  coloured  by  pigment,  and  is  covered  with  hairs  ; 
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it  presents  a  wrinkled  appearance,  ttougli  it  may  become 
smooth  and  lax  in  hot  weather,  and  in  a  debilitated  state 
of  the  body.  Beneath  the  skin  is  a  thin  layer  of  super- 
ficial fascia  of  a  pale  reddish  tint,  which  contains  a  large 
quantity  of  non-striped  muscle,  and  is  devoid  of  fat. 
This  layer  is  called  the  dartos  muscle,  and  through  its  con- 
traction the  corrugated  condition  of  the  skin  of  the  scrotum 
is  produced.  The  scrotum  is  divided  into  two  lateral 
halves,  by  a  median  septum,  into  which  the  dartos  fibres 
are  prolonged.  The  position  of  this  septum  is  marked,  on 
the  surface  of  the  scrotum,  by  a  median  line  or  raph^, 
which  is  continuous  "behind  with  the  raph6  of  the  perineum. 
Each  half  of  the  scrotum  contains  a  testicle  and  a  sper- 
matic cord,  and  each  testicle  with  its  cord  is  enveloped  by 
four  special  coverings,  which  are  arranged  from  without 
inwards,  as  folkws  : — 

The  spermatic  fascia  is  a  thin  fibrous  membrane,  con- 
tinuous above  with  the  flattened  tendon  of  the  external 
oblique  muscle  of  the  abdomen,  at  the  external  or  super- 
ficial abdominal  ring.  The  cremaster  muscle  consists  of 
fasciculi  of  striped  muscle,  continuous  above  with  the 
internal  oblique  muscle  of  the  abdomen  :  the  fasciculi  form 
a  loop-like  arrangement  over  the  testicle  and  spermatic 
cord,  and  are  attached  together  by  intermediate  areolar 
tissue,  so  as  to  form  the  cremasteric  covering  or  fascia. 
The  infundihuliform  fascia  is  a  very  delicate  layer  of 
fibrous  membrane,  continuous  above  with  the  fascia  trans- 
versalis  of  the  abdomen,  at  the  internal  or  deep  abdominal 
ring.  The  tunica  vaginalis  is  a  serous  membrane,  the 
outer  surface  of  which  is  connected  by  areolar  tissue  to  the 
infundihuliform  fascia.    Its  inner  surface  is  smooth,  and 


804 


ANATOMY. 


covered  by  a  layer  of  endothelium,  which  is  reflected  on 
the  testicle,  so  as  to  form  a  smooth  visceral  layer,  similar 
to  the  serous  epicardium  which  envelopes  the  heart.  The 
visceral  layer  of  the  tunica  vaginalis  reaches  the  testicle  at 
its  posterior  border,  vphere  it  is  in  contact  with  the  epi- 
didymis :  it  partially  invests  the  epididymis,  and  forms  a 
pouch  between  that  body  and  the  testicle.  The  tunica 
vaginalis  is  also  prolonged  for  a  short  distance  upwards 
along  the  spermatic  cord,  where  it  forms  a  closed  sac. 
Sometimes  a  thread-like  band  may  be  seen  in  the  cord 
above  the  tunica  vaginalis,  and  extending  upwards  towards 
the  peritoneum.  This  band  indicates  the  position  of  a 
tubular  connection,  at  one  time  existing  between  the  peri- 
toneum and  tunica  vaginalis. 

To  understand  why  the  testicle  and  spermatic  cord 
possess  these  several  coverings,  it  should  be  stated  that 
the  gland  is  originally  formed  in  the  abdomen,  where  it 
has  a  peritoneal  envelope;  but  that  it  descends  through 
the  wall  of  the  abdomen  into  the  scrotum,  and  carries 
along  with  it  a  covering  from  each  of  the  structures  in  that 
wall,  with  which  it  comes  in  contact  in  the  course  of  its 
descent. 

Owing  to  its  development  in  the  abdomen,  it  derives  its 
vessels  and  nerves  from  the  vascular  and  nervous  trunks 
situated  in  that  cavity.  As  it  descends  through  the  wall 
of  the  abdomen  into  the  scrotum,  these  structures  are 
elongated,  and  descend  with  it,  and  together  with  the  vas 
deferens,  or  excretory  duct  of  the  testicle,  form  the  sper- 
matic cord.  The  cord,  after  it  has  passed  through  the 
wall  of  the  abdomen,  like  the  testicle,  is  enveloped  by  the 
spermatic,  cremasteric,  and  infundibuliform  fasciae.  The 
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cord  consists  of  the  spermatic  artery,  a  branch  of  the 
abdominal  aorta :  of  the  spermatic  veins,  which  form  a 
weU-marked  plexus,  called  the  pampiniform  plexus :  of 
lymphatics,  which  communicate  with  the  iliac  and  lumbar 
lymphatics  :  of  nerves  which  are  derived  from  the  aortic 
plexus  of  the  sympathetic,  and  accompany  the  spermatic 
artery,  and  of  the  vas  deferens.  But  the  vas  deferens  has 
a  small  special  artery  accompanying  it,  a  branch  of  the 
superior  vesical  artery,  and  the  coverings  of  the  cord 
receive  the  cremasteric  branch 
of  the  epigastric  artery.  The 
genital  branch  of  the  geuito- 
crural  nerve  supplies  the  cre- 
master  muscle. 

The  testicle  is  suspended  by 
the  spermatic  cord  and  its 
coverings  in  the  scrotum,  in 
which  it  lies  obliquely ;  the 
left  testicle  being  usually  a  little 
larger  and  more  dependent  than 
the  right.  It  is  ovoid  in  form, 
compressed  laterally  ;  and  pos- 
sesses two  lateral  surfaces,  two 
borders,  and  two  extremities. 
It  is  about  li  inch  in  its  ver- 
tical diameter,        inch  in  its 

onforn  i-insitpvinr     rlinmptpr    flTid  FiG.225—Tho  Testicle,  as  seen  from 

antero-pobterior    aiamerer,  ana  globus  majdi  ;  6,  the 

naJt  an  men  irom  sme  to  Siae.     epididymis;  ud,  vas  deferens. 

The  whole  of  the  exterior  of 

the  gland,  except  the  posterior  border,  is  smooth,  and 
invested  by  the  visceral  layer  of  the  peritoneum.  The 
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posterior  border  gives  attachment  to  the  epididymis,  which 
IS  the  convoluted  commencement  of  the  vas  deferens. 
The  epididymis  consists  of  an  upper  end,  the  globus 
major,  or  head  of  the  epididymis  ;  a  lower  end,  or  globus 
minor,  and  an  intermediate  part,  the  body  of  the  epi- 
didymis. From  the  globus  minor  the  vas  deferens  pro- 
ceeds. The  epididymis  is  to  a  large  extent  covered  by 
the  visceral  layer  of  the  tunica  vaginalis,  but  at  its  upper 
and  lower  -  ends  it  is  closely  united  to  the  testicle.  Be- 
tween the  globus  major  of  the  epididymis  and  the  upper 
end  of  the  testicle  is  a  small  pedunculated  body,  called 
the  pedunculated  hydatid  of  Morgagni. 

Structure  of  the  Testis  and  Epididymis. 

The  Testicle,  in  addition  to  its  serous  envelope,  is 
invested  by  a  dense  fibrous  coat,  the  timica  albuginea, 
which  gives  off  along  the  posterior  border  of  the  gland  a 
strong  prolongation  into  its  interior,  named  the  corims 
Highmoriamim  or  mediastinum  testis.  Butj  in  addition, 
slender  processes  arise,  generally  from  the  inner  surface  of 
the  tunica  albuginea,  which  pass  inwards  to  the  medias- 
tinum testis,  and  collectively  form  the  sejota  testis.  Through 
this  arrangement  the  interior  of  the  gland  is  divided  into 
a  number  of  lobular  compartments,  occupied  by  the 
seminal  tubes.  The  tunica  albuginea,  the  mediastinum 
testis,  and  the  septa  testis  are  formed  of  connective  tissue. 
Kolliker  states  that  non-striped  muscular  tissue  occurs  in 
the  tunica  along  its  posterior  border,  and  in  the  septa 
testis.  Blood-vessels,  continuous  with  the  spermatic 
artery  and  veins,  are  also  distributed  over  its  inner  surface. 
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and  along  the  septa,  so  as  to  form  what  Astley  Cooper 
called  the  tunica  vasmlosa. 

The  tubuli  seminiferi,  or  seminal  tubules,  constitute  the 
proper  secreting  substance  of  the  testicle.  They  are 
lodged  in  the  intervals  between  the  septa  testis,  and 


Fig.  226. — Transverse  section  tlirongh  the  Testicle  and  Epididymis  of  an  infant. 
T,  tiie  testicle;  t,  tunica  albuRinea;  s,  s,  septa  testis;  I,  I,  lobes  of  testis  con- 
taining seminal  tubules;  ni,  mediastinum;  d,  vusa  recta ;  rete  testis ;  c,  capil 
laries  surrounding  seminal  tubules;  E,  epididymis.    X  6. 

form  conical  masses  of  a  reddish-yellow  soft  material, 
named  the  lobes  of  the  testis.  Each  lobe  is  composed  of 
from  two  to  four  or  six  highly  convoluted  tubules;  and 
as  there  are  from  250  to  400  lobes  in  the  testis,  the  num- 
ber of  seminal  tubules  ranges  probably  from  about  800 
to  1000.  The  convoluted  tubules  in  a  lobe  are  connected 
together  by  delicate  areolar  tissue  and  capillary  blood- 
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vessels.  When  these  are  torn  down  by  dissecting  with 
needles  under  water  or  spirit,  the  tubes  may  be  untwisted 
and  seen  to  have  an  average  length  of  2^  feet,  and  a 
diameter  of  from  xiiTth  to  -^-cTj-th  of  an  inch.  The  tubes 
begin  either  with  blind  ends  or  anastomosing  loops. 
They  become  straighter  as  they  approach  the  mediasti- 
num, where  they  join  and  form  ""the  vasa  recta,  about 
twenty  in  number,  which  possess  an  average  diameter  of 
about  g^th  of  an  inch.  When  within  the  mediastinum 
the  straight  tubes  unite  to  form  a  network,  the  rete  testis. 
From  the  rete  testis  from  twelve  to  twenty  tubes  arise, 
which  pierce  the  tunica  albuginea,  at  the  upper  end  of 
the  testicle  under  cover  of  the  head  of  the  epididymis, 
and  form  the  vasa  efferentia.  As  in  each  vas  efferens 
the  tube  again  becomes  convoluted,  and  forms  a  conical 
mass,  the  name  c07ii  vasculosi  has  been  applied  to  the 
series  of  vasa  efferentia.  The  length  of  the  convoluted 
vaa  efferens  in  each  conus  is,  when  unravelled,  about 
seven  inches.  The  several  vasa  efferentia  unite  together 
to  form  the  epididymis  ;  the  tube  of  which  is  coUed  upon 
itself  to  form  the  globus  major,  body  and  globus  minor 
of  that  canal.  From  the  tube  in  the  globus  minor  the 
vas  deferens  arises.  The  length  of  the  tube  of  the 
epididymis,  when  unravelled,  is  about  twenty  feet,  and  its 
diameter  varies  from  about  ^th  to  -^th  inch. 

The  tubuli  seminiferi,  within  the  lobes  of  the  testis, 
have  a  wall,  or  membrana  propria,  formed  of  layers  of 
polygonal,  nucleated,  flattened  ceUs.  Outside  this  wall 
is  a  very  delicate  areolar  tissue,  in  which  is  situated,  not 
only  the  network  of  blood  capillaries  surrounding  the 
seminal  tubes,  but  the  lymph-spaces  and  lymph  capillaries 
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tliat  give  origin  to  the  lymphatics  of  the  testicle.  The 
bundles  of  iutertubular  connective  tissue  are,  according  to 
Mihalkovics,  invested  by  flat  endothelial-like  cells,  and 
the  chinks  between  these  bundles  are  apparently  the 
lymph-spaces.  The  wall  of  the  vasa  recta  and  rete  testis 
also  consists  of  flattened  cells.  The  wall  of  the  vasa 
efferentia  is  thicker  and  more  highly  diflferentiated,  for  it 
consists  not  only  of  connective  tissue,  but  of  non-striped 
muscle,  arranged  both  circularly  and  longitudinally.  The 
wall  of  the  epididymis  possesses  a  similar  structure. 

The  tubuli  seminiferi  are  occupied  by  cells.  Before 
the  period  of  puberty  these  cells  are  inactive  :  their  pro- 
toplasm is  granulated  and  possesses  nuclei,  but  the  out- 
lines of  the  individual  cells  are  obscure,  When  the 
testicle  is  actively  engaged  in  the  secretion  of  semen,  the 
contents  of  its  tubes  assume  other  characters,  and  give 
rise  to  the  formation  not  only  of  the  fluid  part  of  the 
semen,  but  of  the  peculiar  spermatic  fllaments  or  sper- 
matozoa. 

The  spermatozoa  are  microscopic  thread-like  filaments 
from  4^th  to  -g^th  inch  long.  At  one  end  the  thread 
is  dilated  into  an  ovoid  or  pear-shaped  body,  about  Q^th. 
inch  long,  called  the  head  of  the  spermatozoon,  whilst  the 
rest  of  the  structure  forms  the  body  and  filamentous  tail. 
The  spermatozoa  are  developed  within  the  specially  modi- 
fied sperm  cells  or  spermato-blasts,  occupying  the  seminal 
tubes,  the  nuclei  of  which  have  greatly  increased  in  num- 
bers. From  the  recent  observations  of  Neumann  and 
Krause,  it  would  appear  that  the  spermato-blasts  consist  of 
a  network  of  nucleated  protoplasm,  in  part  attached  to  the 

wall  of  the  seminal  tube,  and  in  part  projecting  into  its 
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lumen,  so  as  to  form  a  series  of  projecting  columns  of 
nucleated  protoplasm.  From  the  free  ends  of  these 
columns  long  filaments  protrude,  which  look  at  first  like 
cilia,  but  are  seen  on  further  examination  to  be  the  atten- 
uated tails  of  the  spermatozoa.  The  protoplasm  of  the 
spermato-blasts  is  colourless,  granulated,  and  easily  torn. 
The  nuclei,  situated  near  the  attached  ends  of  the  columns, 
are  lai'ge  and  oval,  and  contain  a  nucleolus.  Those  nuclei 
which  lie  near  the  free  ends  of  the  columns  are  specially 
modified  to  form  the  heads  of  the  spermatozoa,  and  the 
protoplasm  immediately  surrounding  them  becomes  con- 
tinuous with  the  nucleus,  and  differentiates  into  the  body 
and  filamentous  tail  of  the  individual  spermatozoa.  As  the 
development  proceeds,  the  spermatozoa  liberate  themselves 
from  the  spermato-blasts,  and  become  free  in  the  seminal 
tube.  In  the  meshes  of  the  network  formed  by  the  sper- 
mato-blasts, numerous  distinct  cells,  capable  of  being  sepa- 
rated from  the  network,  are  situated.  They  are  often 
globular  in  form,  and  contain  one  or  more  nuclei.  The 
precise  function  of  these  cells  has  not  been  determined, 
and  they  have  been  named  indifferent  sperm  cells ;  it  is 
not  inprobable  that  they  are  spermato-blasts  in  the  earlier 
stages  of  formation.  It  is  not  until  the  spermatozoa  reach 
the  rete  testis,  or  the  vasa  efferentia,  that  they  become 
entirely  free  from  the  protoplasm  of  the  spermato-blasts, 
in  connection  with  which  they  were  formed,  when  they 
then  assume  a  power  of  active  movement. 

The  indifferent  sperm  cells  and  the  spermato-blasts  repre- 
sent the  epithelium  of  the  seminal  tubes  in  the  lobes  of  the 
testis  and  in  the  rete  testis.  In  the  vasa  efferentia  and 
epididymis,  as  far  as  the  globus  minor,  the  seminal  ducts 
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possess  a  distinct  Uning  of  columnar  and  ciliated'epitkeUal 
ceUs,  but  the  cilia  disappear  in  the  globus  minor. 

The  blood  and  lymph  vessels  and  the  nerves  of  the 
testicle  are  continuous  with  those  to  which  reference  has 
been  made  in  the  description  of  the  spermatic  cord. 
According  to  Letzerich,  the  nerve  fibres  pierce  the  proper 
wall  of  the  seminal  tubules,  and  end  in  clumps  of  proto- 
plasm, having  a  direct  relation  to  the  sperm  cells. 

Haller  described  a  tubular  diverticular  prolongation 
from  the  globus  minor  of  the  epididymis  by  the  name 
of  vas  aberrans.  It  varies  in  length  from  inch  to  14 
inches,  and  lies  parallel  to  and  between  the  epididymis 
and  the  vas  deferens,  and  is  convoluted  like  the  former 
tube.    In  structure  it  resembles  the  vas  deferens. 

Gii-aldes  discovered  in  1857  a  small  body  situated 
beneath  the  tunica  vaginalis,  covering  the  front  of  the 
spermatic  cord,  immediately  above  the  head  of  the  epididy- 
mis, which  has  been  named  the  parepididymis,  or  organ 
of  Giraldes.  It  varies  in  size  from  a  mere  speck  to  a 
body  4  or  5  lines  long,  and  consists  of  small  convoluted 
tubes  lined  with  a  squamous  epithelium. 

The  Vas  Deferens  is  the  tubular  duct,  about  two  feet 
in  length,  which  conveys  the  semen  from  the  epididymis 
to  the  urethra.  It  arises  from  the  globus  minor  of  the 
epididymis,  with  the  convoluted  tube  of  which  it  is  con- 
tinuous. It  is  tortuous  at  its  commencement,  and  ascends 
behind  the  epididymis,  then  enters  the  cord,  and  is  con 
tinned  upwards,  behind  the  spermatic  vessels,  through  the 
inguinal  canal,  as  far  as  the  internal  or  deep  abdominal 
ring.  Here  it  leaves  the  spermatic  vessels,  curves  round 
the  outer  side  of  the  deep  epigastric  artery,  and  sinks  into 
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the  pelvis.  It  thea  reaches  tlie  side  of  tiie  bladder,  along 
which  it  descends  to  reach  the  base  of  the  bladder ;  in  its 
course  it  crosses  the  obliterated  hypogastric  artery,  and 
goes  between  the  ureter  and  the  bladder.  At  the  base  of 
the  bladder  it  inclines  to  the  inner  side  of  the  vesicula 
seminalis,  and,  near  the  base  of  the  prostate  gland,  it  joins 
the  duct  of  the  vesicula  to  form  the  common  ejaculatory 
duct.  The  vas  is  sacculated  and  tortuous  at  the  base 
of  the  bladder,  but  in  the  greater  part  of  its  extent 
it  is  a  cylindrical  tube,  with  dense,  firm  walls,  so  that  it 
feels  like  a  piece  of  whip-cord. 

It  possesses  an  external  coat  of  connective  tissue; 
within  which  is  a  thick  coat  partly  formed  of  fibro-elastic 
tissue  and  partly  of  non-striped  muscle,  arranged  both 
longitudinally  and  circularly.  It  is  lined  by  a  mucous 
membrane,  which  is  covered  by  columnar  epithelium. 
The  fibro-muscular  coat  of  the  sacculated  part  of  the  vas 
is  much  thinner,  and  branched  tubular  glands  open  on  the 
mucous  surface.  Owing  to  the  thickness  of  its  wall  in  the 
greater  part  of  its  extent,  the  vas  deferens  possesses  a 
comparatively  small  lumen. 

The  Vesicula  Seminales  are  two  sacculated  reservoirs 
for  the  semen,  situated  between  the  base  of  the  bladder 
and  the  rectum.  Each  vesicula  is  about  2  inches  in 
length,  and  consists  of  a  convoluted  tube,  about  6  inches 
long,  which  forms  at  one  end  a  cul-de-sac,  but  at  the 
opposite  end  becomes  attenuated  into  a  slender  duct, 
which  joins  the  vas  deferens,  to  form  the  common  ejacu- 
latory duct.  When  the  convoluted  tube  of  the  vesicula 
is  unravelled,  it  is  seen  to  possess  several  short  diverticula 
opening  into  it.    The  structure  of  the  waU  of  the  vesicula 
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corresponds  with  that  of  the  sacculated  portion  of  the  vas. 
The  tubular  glands  in  its  wall  pour  their  secretion  into  it, 
so  that  its  fluid  contents  consist  not  only  of  semen,  but  of 
the  special  secretion  of  these  glands. 

The  Common  Ejaculatoky  Ducts  are  two  in  number, 
each  being  formed  by  the  junction  of  the  vas  with  the 
duct  of  the  vesicula  of  its  own  side.  Each  common  duct 
is  about  one  inch  long.  They  lie  close  together,  and  pass 
forwards,  between  the  middle  and  lateral  lobes  of  the 
prostate  gland,  to  open  in  the  prostatic  part  of  the  urethra, 
on  the  summit  of  the  coUiculus  seminalis,  one  on  each  side 
of  the  mouth  of  the  prostatic  vesicle.  Their  walls  are 
much  thinner  than  those  of  the  vesiculse  seminales,  the 
diminution  being  especially  marked  in  the  fibro-elastic  coat. 

The  excretory  apparatus  of  the  testicle,  known  by  the 
several  names  of  vasa  efferentia,  epididymis,  vas  deferens, 
and  common  ejaculatory  duct,  is  characterized  by  the  extra- 
ordinary length  and  convoluted  character  of  its  tube. 
Whilst  the  actual  distance  between  the  testicle  and  the 
prostatic  part  of  the  urethra,  in  which  the  excretory 
apparatus  ultimately  opens,  is  not  more  than  a  few 
inches  ;  the  length  of  the  tube  which  conveys  the  secretion 
into  the  urethra  amounts  to  many  feet.  The  inference 
which  may  naturally  be  drawn  from  this  arrangement  is, 
that  the  secretion  of  the  testis  passes  but  slowly  from  the 
gland  to  the  vesiculse  seminales  and  urethra,  and  probably 
undergoes  a  considerable  amount  of  elaboration  in  its 
course. 
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The  Prostate  Gland. 

The  Prostate  Gland  is  a  muscular  and  glandular  body 
which  surrounds  the  commencement  of  the  urethra  (fig.  224). 
It  is  shaped  like  a  chestnut,  and  measures  1^  inch  from 
base  to  apex,  1 J  inch  in  its  transverse  diameter,  and  some- 
thing less  than  an  inch  in  thickness.  It  lies  behind  the 
symphysis  pubis,  and  in  front  of  the  rectum.  Its]  direc 
tion  is  obliquely  from  above  downwards  and  forwards,  and 
its  base,  or  highest  part,  is  in  relation  to  the  neck  of  the 
bladder  and  the  common  ejaculatory  ducts,  whilst,  from  its 
depending  truncated  apex,  the  membranous  part  of  the 
urethra  emerges.  Its  anterior  surface  is  attached  to  the 
pubes  by  the  pubo-prostatic  ligaments  of  the  pelvic  fascia, 
and  the  anterior  parts  of  the  lateral  true  ligaments  of  the 
bladder ;  whilst  the  most  anterior  fibres  of  the  levator  ani 
muscle  passes  to  each  of  its  sides,  and  form  the  levator 
prostatce  muscle. 

The  prostate  is  divided  into  three  lobes,  a  median  and 
two  lateral.  The  lateral  lobes  make  up  the  chief  part  of 
the  gland,  and  are  separated  behind  by  a  median  notch. 
The  middle  lobe  is  of  small  size,  and  lies  below  the  pros- 
tatic part  of  the  urethra  and  between  the  prostatic  vesicle 
and  the  neck  of  the  bladder. 

Structure. — The  prostate  gland  is  invested  by  a  fibrous 
capsule  continuous  with  the  pubo-prostatic  ligaments. 
Beneath  the  capsule  is  the  prostatic  venous  plexus,  which 
receives  the  dorsal  vein  of  the  penis,  and  joins  the  vesical 
venous  plexus.  The  substance  of  the  organ  is  composed 
partly  of  muscular  and  partly  of  glandular  tissue.  The 
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muscular  tissue  is  both  non-striped  and  striped.  The  non- 
striped  muscle  forms  a  portion  of  the  anterior  part  of  the 
gland  in  front  of  the  urethra,  as  well  as  a  considerable 
proportion  of  the  base  of  the  organ,  where  it  is  continuons 
with  the  sphincter  vesicae  muscle.  It  forms  a  ring-like 
sphincter  arrangement  around  the  commencement  of  the 
urethra,  by  the  division  of  which,  in  the  lateral  operation 
of  lithotomy,  the  urethra  and  prostate  can  be  dilated  so  as 
more  readily  to  admit  the  forceps  into  the  bladder. 

The  striped  muscle  of  the  prostate  has  been  especially 
described  by  Kohlrausch  and  Henle.  It  is  best  seen  at  the 
apex  of  the  prostate,  where  it  is  directly  continous  with 
the  striped  fibres  of  the  constrictor  urethras  muscle  which 
surround  the  membranous  part  of  the  urethra.  It  sur- 
rounds the  urethra  at  the  apex  of  the  prostate,  and  doubt- 
less acts  as  a  sphincter  muscle  for  it,  so  that  Kohlrausch 
has  named  it  sphincter  uretrce  prostaticus.  Fasciculi  con- 
tinuous with  this  muscle  also  pass  backwards  as  far  as  the 
sides  of  the  neck  of  the  bladder. 

The  glandular  substance  of  the  prostate  consists  of  short 
branching  acinous  glands,  which  unite  into  a  number  of 
excretory  ducts,  that  for  the  most  part  open  on  the  floor  of 
the  urethra  on  each  side  of  the  coUiculus  seminalis.  Both 
the  ducts  and  the  acini  are  lined  by  a  columnar  epithelium. 
Concretions  are  apt  to  form  in  old  men  in  the  ducts  of 
these  glands. 

The  prostate  is  penetrated  by  the  urethra,  the  common 
ejaculatory  ducts,  and  the  prostatic  vesicle. 

The  prostatic  part  of  the  urethra  is  the  dilated  com- 
mencement of  that  tube.  It  is  about  1^  inch  long,  is 
continuous  behind  with  the  bladder,  and  in  front  with 
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the  membranous  part  of  tlie  uretlira.    It  is  nearly  half  an 
inch  wide  about  the  middle  of  the  prostate,  somewhat  less 
where  it  opens  into  the  bladder,  and  about  a  quarter  of  an 
inch  in  width  at  the  apex  of  the  gland,  but  it  is  capable  of 
being  more  widely  distended  under  pressure.  It  lies  in  front 
of  the  middle  lobe  of  the  prostate,  and  nearer  its  anterior 
than  posterior  surface.    It  is  lined  by  a  mucous  mem- 
brane, which  forms  at  the  opening  into  the  bladder  a 
transverse  fold,  the  uvula  vesicae.    In  front  of  the  uvula  a 
longitudinal  fold  about  ^  inch  long,  and  ^th  of  an  inch  in 
its  greatest  height,  extends  forwards  along  the  floor  of  the 
prostatic  part  of  the  urethra ;  it  is  called  colliculus  seminalis, 
or  verumontanum,  or  crest  of  the  urethra.    On  each  side  of 
this  crest  is  a  longitudinal  depression,  the  prostatic  sinus, 
into  which  many  of  the  ducts  of  the  glands  of  the  prostate 
open.    At  the  summit  of  the  crest  are  three  minute  orifices, 
a  mesial  and  two  lateral :  the  mesial  is  the  mouth  of  the 
prostatic  vesicle,  the  lateral  are  the  openings  of  the  common 
ejaculatory  ducts.    The  free  surface  of  the  colliculus  is 
formed  by  the  mucous  lining  of  the  urethra,  beneath 
which,  as  Henle  has  shown,  is  a  network  of  elastic  fibres 
.with  interspersed  non-striped  muscle;  cavernous  tissue, 
capable  of  erection,  occupies  the  spaces  of  this  network. 

The  vesicula  prostatica,  or  utricidus,  or  uterus  masculinus, 
is  a  pouch  from  \to  ^  inch  long,  which  opens  by  a  narrow 
slit  on  the  middle  of  the  summit  of  the  colliculus  seminalis. 
It  inclines  backwards  and  upwards,  between  the  lateral  lobes, 
and  below  the  middle  lobe  of  the  prostate,  and  though  dilat- 
ing somewhat  in  its  course  terminates  in  a  cul-de-sac  at  its 
posterior  free  end.  It  is  lined  by  a  mucous  membrane, 
covered  by  a  stratified  pavement  epithelium,  and  its  wall 
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contains  fibro-muscular  tissue,  and  some  small  tubular 
glands,  which  open  on  the  free  surface  of  its  mucous  lining. 
The  ejaculatory  duct  is  placed,  for  the  terminal  part  of  its 
course,  in  the  wall  of  the  prostatic  vesicle.  The  vesicula 
prostatica  is  of  great  anatomical  interest  as  representing  in 
the  male  the  uterus  and  vagina.  In  some  mammals  it 
possesses  considerable  size;  in  the  horse  and  ass  it  is 
several  inches  long,  and  in  the  goat  it  divides  into  two 
horns  posteriorly. 

cowper's  glands. 

Cowper's  Glands  are  a  pair  of  yellowish  bodies,  about 
the  size  of  small  peas,  situated  in  the  perineum,  behind  the 
anterior  layer  of  the  triangular  ligament,  and  below  the 
membranous  part  of  the  urethra.  From  each  gland  a 
duct  proceeds,  which  runs  forwards  for  about  an  inch,  and 
opens  into  the  bulbous  dilatation  of  the  urethra.  The 
glands  are  composed  of  lobules,  and  have  the  compound 
racemose  type  of  structure.  Each  gland  is  supplied  with 
blood  from  a  branch  of  the  artery  to  the  bulb. 
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THE  TJRETHRA. 

The  Male  Urethra  is  the  excretory  duct  for  the  urine 
and  seminal  fluid.     It  extends  from  the  neck  of  the 
bladder  to  the  opening  at  the  end  of  the  glans  peilis.  Its 
average  length  is  from  8  to  9  inches,  and  it  varies  in  length 
with  the  size  and  condition  of  the  penis.    In  the  erect 
state  of  the  penis  it  forms  a  continuous  curve,  with  the 
concavity  directed  towards  the  pubic  arch.    In  the  flaccid 
penis  it  makes,  at  first,  a  curve  with  the  concavity  directed 
towards  the  pubic  arch ;  but  when  it  reaches  the  penis  it 
changes  its  direction,  and  forms  a  second  curve,  with  the 
concavity  directed  downwards.    It  is  lined  by  a  mucous 
membrane  continuous  at  one  end  with  that  of  the  bladder, 
and  at  the  other  with  the  tegumentary  covering  of  the 
glans.    The  epithelial  covering  of  the  prostatic  part  of  the 
mucous  membrane  is,  near  the  bladder,  laminated  and  with 
an  arrangement  of  cells  similar  to  the  epithelium  of  the 
bladder,  but  in  the  rest  of  the  urethra,  as  far  forwards  as 
the  fossa  navicularis  in  the  glans  penis,  the  epithelium  is 
columnar.    At  the  external  orifice  again  it  is  stratified  and 
squamous.    Beneath  the  mucous  membrane  is  the  sub- 
mucous coat,  in  which,  in  addition  to  the  fibres  of  connec- 
tive tissue,  there  are  non-striped  muscular  fibres  arranged 
both  longitudinally  and  circularly.    Ellis  has  shown  that 
the  longitudinal  fibres  are  continuous  with  the  internal 
longitudinal  muscular  fibres  of  the  bladder. 

As  the  external  relations  of  the  urethra  vary  in  diff"erent 
parts  of  its  extent,  it  is  divided  into  three  parts,  the  pros- 
tatic, membranous,  and  spongy  portions.    The  prostatic 
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part  of  the  urethra  has  already  been  described ;  the  spongy 
part  will  be  considered  along  with  the  penis;  the  mem- 
branous part  will  now  be  examined. 

The  membranous  part  of  the  urethra  curves,  with  the 
concavity  directed  forwards,  under  the  pubic  arch,  from 
the  apex  of  the  prostate  gland  to  the  bulbous  portion  of 
the  spongy  part  of  the  urethra.    It  is  the  shortest  part  of 
the  canal,  measures  about  f  inch  along  its  anterior  wall,  and 
about  J  inch  along  its  posterior  wall.    It  is  the  narrowest 
part  of  the  urethra,  and  in  some  cases  apparently  is  not 
more  than  about  J  inch  in  circumference,  but  it  is  capable 
of  being  more  widely  distended.     It  pierces  the  trian- 
gular ligament  of  the  urethra  before  it  joins  the  bulb,  and 
diminishes  somewhat  in  calibre  as  it  passes  through  it ; 
the  fibrous  membrane  of  this  ligament  supports  and  gives 
an  investment  to  the  membranous  part  of  the  urethra.  It 
is  also  surrounded  by  the  constrictor  urethrse  muscle. 
It  is  lined  by  mucous  membrane,  and  its  wall  not  only 
contains  the  nonstriped  fibro-muscular  elements  met  with 
generally  throughout  the  urethra,  but  a  vascular,  cavernous 
venous  plexus.    A  few  racemose  glands  open  on  the  free 
surface  of  its  mucous  lining. 

The  Compressor  or  Constrictor  Urethras  is  a  striped 
muscle  passing  across  the  pubic  arch,  to  the  sides  of  which 
it  is  attached.  In  its  course  it  completely  surrounds  the 
membranous  part  of  the  urethra,  to  which  it  acts  as  a 
sphincter  muscle.  It  is  quite  distinct  from  the  non-striped 
circular  muscular  fibres,  in  relation  to  the  submucous  coat 
of  the  urethra. 
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THE  PENIS. 

The  Penis,  or  organ  of  copulation,  is  situated  in  the 
perineum  in  front  of  the  triangular  ligament  and  the 
pubic  arch.  It  consists  of  a  root,  a  body,  and  of  the 
glans  penis.  By  its  root  it  is  attached  to  the  sides  of 
the  pubic  arch  :  its  body  forms  the  bulk  of  the  organ, 
whilst  the  glans  is  the  terminal  part  in  which  is  situated 
the  orifice  of  the  urethra.  The  base  of  the  glans  possesses 
a  rounded  border,  or  corona,  behind  which  is  a  constricted 
cervix.  The  body  of  the  penis  possesses  an  upper  flattened 
surface  or  dorsum,  two  lateral  rounded  surfaces,  and  an 
inferior  rounded  surface  principally  formed  of  the  corpus 
spongiosum. 

The  penis  is  invested  by  thin,  freely  movable  skin, 
destitute  of  fat  and  hairs.  Anteriorly  the  skin  forms  a 
loose  fold,  the  preimce  or  foreskin,  which  may  either  cover 
the  glans,  or  be  'drawn  backwards  from  it.  The  inner 
layer  of  the  prepuce  is  reflected  over  the  surface  of  the 
glans,  and  behind  and  below  the  urethral  orifice  forms 
a  thin  fold,  the  frcsnum  preinitii.  The  inner  layer  is 
smooth,  thin,  and  moist,  and  has  a  muco-tegumentary 
character.  Opening  on  its  surface,  more  especially  near 
the  cervix,  are  the  ducts  of  numerous  sebaceous  glands,  the 
glands  of  Tyson,  in  which  a  peculiar  odoriferous  secretion 
is  formed.  The  skin  of  the  glans  itself  is  covered  with 
vascular  and  highly  sensitive  papillae,  and  is  firmly  at- 
tached to  the  subjacent  spongy  tisssue  of  the  glans.  At 
the  root  of  the  penis  the  integument  is  continuous  with 
the  hairy  skin  of  the  pubes  and  scrotum,  and  beneath  the 
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skin  is  tlie  suspensory  ligament,  whicli  forms  a  triangular 
"band  passing  from  the  symphysis  pubis  to  the  dorsum  of 
the  penis. 

When  the  loose  integument  is  removed  from  the  penis, 
it  is  seen  to  consist  of  three  longitudinal  and  parallel 
columns,  the  two  corpora  cavernosa,  and  the  corpus  spon- 
giosum urethrse.  The  corpora  cavernosa  are  the  proper 
erectile  parts  of  the  penis,  and  form  its  dorsum,  sides,  and 
root.  In  the  body  of  the  penis  they  are  closely  united 
together,  but  at  its  root  they  diverge  from  each  other  and 
form  the  crura  2oenis,  which  are  attached  to  the  sides  of 
the  pubic  arch  in  front  of  the  triangular  ligament.  Each 
cruR  is  attenuated  at  its  attached  end,  but  in  front  of  its 
place  of  attachment  it  dilates  into  the  bulb  of  the  corpus 
cavernosum.  On  the  dorsum  penis  is  a  shallow  groove, 
which  marks  the  line  of  union  of  the  corpora  caver- 
nosa on  this  aspect  of  the  organ  :  on  the  under  surface 
is  a  deep  furrow,  in  which  the  corpus  spongiosum  is 
lodged.  Each  crus  penis,  and  the  part  of  the  corpus 
cavernosum  immediately  continuous  with  it,  is  connected 
with  the  erector  penis  muscle.  The  erector  penis,  or  isckio- 
cavernosus  muscle,  arises  from  the  inner  surface  of  the 
ischial  tuberosity  :  it  passes  forwards  in  close  contact  with 
the  under  surface  of  the  crus,  and  is  inserted  into  the 
fibrous  coat  of  the  corpus  cavernosum. 

Structure. — The  corpora  cavernosa  possess  a  dense 
white  coat  of  fibro-elastic  tissue,  the  tunica  alhuginea,  which 
is  not  only  prolonged  from  one  cavernous  body  to  the  other, 
but  forms  a  mesial  septum  between  the  two.  This  septum 
is  perforated  by  numerous  slits,  which  lie  parallel  to  each 
other,  so  as  to  give  it  a  comb-like  appearance,  hence  the 


822 


ANATOMY. 


name  septum  pectiniforme  applied  to  it.  From  the  inner 
surface  of  the  external  coat  and  from  the  septum  numerous 
bands,  or  trabeculse,  arise,  which  intersect  in  various  direc- 
tions ;  they  subdivide  the  space  enclosed  by  the  fibrous 
coat  into  numbers  of  small  compartments,  which  are  lined 
by  an  endothelium,  continuous  with  that  of  the  venous 
vascular  system,  and  form  a  cavernous  arrangement  of 
veins.  The  trabeculaB  are  composed  not  only  of  fibro- 
elastic  tissue,  but  of  non-striped  muscle,  which  is  also  pro- 
longed over  the  inner  surface  of  the  tunica  albuginea. 
The  compartments  between  the  trabeculse  freely  communi- 
cate with  each  other  in  the  same  corpus  cavernosum,  and 
also  through  the  slits  in  the  septum  with  those  in  the 
opposite  cavernous  body. 

The  corpora  cavernosa  are  supplied  with  blood  by  the 
cavernous  branches  of  the  two  pubic  arteries,  which  enter 
the  crura  penis,  and  by  branches  of  the  dorsal  artery  of 
the  penis,  which  pierce  the  fibrous  coat.  They  branch 
and  run  along  the  trabeculse.  They  may  terminate 
either  in  capillaries,  or  in  the  peculiar  curling  twigs  de- 
scribed by  J.  Miiller  as  the  helidne  arteries.  The  capil- 
laries open  directly  into  the  venous  intertrabecular  spaces. 
The  helicine  arteries  are  chiefly  found  in  the  crura  penis, 
and  are  apparently  small  convoluted  arteries,  which  may 
end  either  in  capillaries,  or  may  form  a  blind  termination. 
The  veins  of  the  corpora  cavernosa  arise  from  the  cavernous 
venous  spaces,  by  the  distension  of  which  with  blood  the 
erection  of  the  penis  is  produced.  The  veins  join  to  form 
not  only  the  dorsal  vein  of  the  penis,  but  likewise  the 
veins  which  accompany  the  cavernous  arteries. 

The  corpus  spongiosum  penis  is  the  part  of  the  organ 
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whicli  contains  the  urethra,  and  is  situated  on  the  inferior 
or  perineal  surface  of  the  penis.  It  commences  behind  iu 
the  dilatation  called  the  hulh,  from  which  it  passes  forwards 
as  a  cylindriform  body,  and  terminates  in  front  in  the  ex- 
panded structure  known  as  the  glans  penis.  Its  bulbous 
commencement  is  in  contact  with  the  perineal  surface  of 
the  triangular  ligament,  and  receives  an  investment  from 
it.  The  bulb,  and  the  part  of  the  corpus  spongiosum  im- 
mediately continuous  with  it,  are  invested  by  the  accelerator 
urinse  muscle. 

The  accelerator  urince  or  hulho-cavernosus  muscle  may 
either  be  regarded  as  a  single  muscle,  the  two  lateral  halves 
of  wldch  are  united  together  by  a  mesial  tendinous  raphe, 
or  as  a  pair  of  muscles.  It  arises  from  a  point  in  the 
perineum,  to  which  the  levatores  ani  and  transverse 
muscles  of  the  perineum  converge,  also  from  the  mesial 
tendinous  raph6;  the  greater  number  of  its  fibres  pass 
round  the  bulb  and  adjacent  part  of  the  corpus  spon- 
giosum to  the  perineal  surface  of  the  triangular  ligament ; 
but  the  most  anterior  fibres  run  outwards  around  the  side 
of  the  corpus  cavernosum,  either  to  be  inserted  into  the 
dorsum  penis,  or  to  end  in  a  fibrous  layer  prolonged  over 
the  dorsum. 

Structure. — The  corpus  spongiosum  possesses  a  fibrous 
envelope,  with  trabeculse  and  with  intertrabecular  venous 
compartments,  but  its  coat  is  thinner,  and  the  compartments 
are  fewer  and  less  distensible  than  those  of  the  corpora 
cavernosa.  The  bulb  receives  a  pair  of  special  arteries, 
the  arteries  to  the  bulb,  one  from  each  internal  pudic 
artery,  which  run  forwards  in  the  body  of  the  corpus  spon- 
giosum ;  the  dorsal  arteries  of  the  penis  end  in  the  glans 
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penis.  These  arteries  brancli,  and  the  branches  for  the 
most  part  end  in  capillaries,  which  open  into  the  inter- 
trabecular  venous  compartments,  but  in  the  bulb  helicine 
arteries  are  found.  Veins  arise  in  the  corpus  spongiosum, 
some  of  which  join  the  dorsal  vein,  whilst  others  form 
veins  corresponding  to  the  arteries  of  the  bulb. 

The  distinctive  character  of  the  corpus  spongiosum  is 
the  presence  of  the  urethra  in  it.  The  spongy  part  of  the 
urethra  is  about  six  inches  long.  It  is  continuous  behind 
with  the  membranous  part,  and  when  it  enters  the  bulb 
presents  a  dilatation.  In  front  of  the  bulb  the  urethra 
diminishes  in  calibre,  and  remains  of  uniform  diameter 
until  it  enters  the  glans  penis,  when  it  again  dilates  into 
the  fossa  navicularis.  The  fossa  terminates  anteriorly  at 
the  constricted  orifice  at  the  end  of  the  glans.  The 
urethra,  as  seen  in  transverse  section  through  the  body  of 
the  corpus  spongiosum,  is  widest  transversely;  in  the 
fossa  navicularis  it  is  widest  vertically,  which  is  also  its 
greatest  diameter  at  the  external  orifice. 
.  The  mucous  lining  is  covered,  except  near  the  orifice,  by 
columnar  epithelium,  and  opening  on  its  surface  are  the 
ducts  of  numerous  small  racemose  glands.  Depressions  or 
lacunae  also  open  on  its  surface,  one  situated  in  the  roof  of 
the  fossa  navicularis,  and  named  the  lacuna  magna,  being 
most  conspicuous.  External  to  the  mucous  membrane  is 
a  layer  of  non-striped  muscle,  together  with  a  venous 
plexua. 

The  penis  is  well  provided  with  lymphatics,  which  form 
networks  in  the  glans,  the  prepuce,  and  around  the  mucous 
membrane  of  the  urethra.  They  communicate  with  the 
inguinal  glands  in  the  groin.    Nerves  go  to  the  skin  of 
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the  penis  from  the  superficial  perineal  and  long  pudendal 
nerves,  and  to  the  substance  of  the  organ  from  the  caver- 
nous and  dorsal  branches  of  the  pudic  nerve.  The  dorsal 
branch  ends  in  the  glans.  Branches  of  the  hypogastric 
plexus  of  the  sympathetic  accompany  the  arteries. 


Female  Organs  of  Reproduction. 


The  essentia]  organs  of  reproduction  in  the  female  are 
two  genital  glands,  thedO varies,  in  which  are  found  the 
Ova,  or  Germ-ceUs.  In  close  relation  to  the  ovaries  are 
the  Fallopian  tubes,  the  Uterus,  and  Vagina,  along  which 
the  ova  are  conveyed.  Should  an  ovum  become  impreg- 
nated, it  remains  lodged  in  the  uterus  until  the  develop- 
ment of  the  embryo  is  completed.  When  the  child  is 
ready  for  birth,  it  is  expelled  from  the  uterus  along  the 
vagina.  The  Fallopian  tubes,  uterus,  and  vagina  constitute 
the  genital  tubes  and  passages.  The  Fallopian  tubes  are 
the  excretory  ducts  of  the  ovaries,  but  are  not  anatomically 
continuous  with  them.  Certain  accessory  organs,  named 
the  Par-ovaria,  the  Clitoris,  the  Nymphse,  the  Vestibular 
Bulb,  and  the  Mammae,  are  also  present. 
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The  Ovakies. 

The  Ovaries  are  two  flattened  oval  bodies,  in  whicli  the 
ova  or  eggs  are  found.  They  are  situated  in  the  pelvis,  in 
connection  with  the  posterior  surface  of  the  broad  liga- 
ments of  the  uterus  (fig.  231).  From  their  relation  to  that 
organ  they  necessarily  change  their  position  along  with  it, 
so  that,  when  it  enlarges  during  pregnancy,  they  rise  with 
it  into  the  abdomen  proper.  Each  ovary  is  about  1^  inch 
long,  f  inch  wide,  and  ^  inch  in  thickness.  It  is  attached 
to  the  broad  ligament  by  its  anterior  border,  which  is 
sometimes  called  the  hilus,  for  it  transmits  the  vessels  and 
nerves  into  and  out  of  the  organ.  Its  inner  end  is  at- 
tenuated and  attached  to  the  upper  lateral  angle  of  the 
uterus,  by  the  ligament  of  the  ovary,  into  which  the  non- 
striped  muscular  fibres  of  the  wall  of  the  uterus  are  pro- 
longed. Its  outer  end,  posterior  border,  and  its  two 
surfaces  are  free  ;  but  to  its  outer  end  one  of  the  fimbria? 
of  the  Fallopian  tube  is  often  attached. 


Structure  of  the  Ovary. 

The  surface  of  the  ovary  is  partly  smooth  and  partly 
marked  with  small  cicatrices,  which  indicate  the  spots  where^ 
the  surface  has  given  way  to  allow  of  the  escape  of  the  ova. 
The  ovary  is  a  solid  gland,  and  consists  of  a  surface  epi- 
thelium, of  a  vascular  stroma,  of  Graafian  follicles,  and  of 
ova. 

The  surface,  epithelium  forms  a  layer  continuous  with 
the  endothelial  cells  covering  the  broad  ligament  of  th6 
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uterus,  but  is  quite  different  in  tlie  shape  of  its  cells.  In- 
stead of  consisting  of  squamous  cells,  it  is  composed  ot 
short  columnar  cells,  which  have  granular  contents,  so  that 
the  surface  of  the  ovary  has  a  duller  appearance  than  that 
of  the  surrounding  peritoneum.  This  columnar  epithelium 
is  the  remains  of  the  germ  epithelium,  covering  the  ovary 
in  the  embryo,  from  which  the  ova  are  derived.  The  line  of 
demarcation  between  the  columnar  epithelial  covering  of  the 
ovary,  and  the  squamous  endothelium  of  the  peritoneum,  is 
marked  by  a  whitish,  and  often  an  elevated,  line  sur- 
rounding the  attached  border  of  the  ovary. 

The  stroma  of  the  ovary  consists  for  the  most  part  of 
connective  tissue,  in  which  numerous  spindle-shaped  con- 
nective tissue  corpuscles  are  situated.  Immediately 
beneath  the  surface  epithelium  the  stroma  forms  the 
cortical  layer,  which  at  one  time  was  described  as  a  tunica 
albuginea,  but  is  not  now  regarded  as  a  separate  coat. 
The  stroma  at  and  near  the  hilus  has  been  named  the 
medullary  substance,  and  is  very  vascular ;  both  the  con- 
nective tissue  and  the  vessels  radiate  from  the  hilus  into 
the  cortical  layer.  The  medullary  part  of  the  stroma  also 
contains  bundles  of  non-striped  muscle,  which,  as  Waldeyer 
states,  lie  around  the  branches  of  the  ovarian  artery  :  they 
do  not  apparently  enter  the  cortical  layer. 

The  Graafianfollicles,  ovisacs,  or  ovi-capsiile^,a-ve  situated 
in  the  cortical  layer  of  the  ovary,  and  vary  much  in  ap- 
pearance with  their  stage  of  development.  If  a  follicle  in 
an  advanced  stage  be  examined,  it  will  be  seen  to  possess  an 
external  envelope  of  connective  tissue,  continuous  with  the 
stroma  of  the  ovary,  and  containing  a  network  of  capil- 
lary blood-vessels.'     This  forms  the  sac  or  wall  of  the 
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follicle,  and  the  inner  part,  of  tlie  wall  is  not  so  strongly 
fibrous  as  that  which  lies  next  the  surrounding  stroma. 
The  inner  surface  of  the  wall  of  the  sac  is  lined  by  some 
layers  of  cells  which  constitute  the  memhrana  granulosa, 
or  so-called  epithelium  of  the  Graafian  follicle.  These 


Fio  2'n— Section  througlithe  cortical  part-  of  the  Ovary;  e,  surface  epithelium; 
//ovarian  stroma:  1,  1,  larse-sizeil  Graafian  folliclps  ;  2  2,  mitldle  sized, 
and  3  3  smaller  sized  Graafian  follicliiS ;  o,  ovum  within  Graafian  foUicle  ; 
1.',  V,  blood-vessels  in  the  stroma ;  gr,  cells  of  memhrana  granulosa. 

cells  are  columnar,  and  possess  elliptic  nuclei :  they 
have  no  cell  wall,  and  are  very  delicate  and  soft  in 
texture.  At  one  spot  they  form  a  little  mass  called  the 
cumulus,  or  discus  proligerus,  in  which  the  ovum  is  im- 
bedded. The  Graafian  follicle  contains  some  liquid, 
secreted  doubtless  through  the  agency  of  these  cells,  and, 
as  the  secretion  accumulates,  the  follicle  approaches  the 
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surface  of  the  ovary  by  causing  absorption' of  the  surround- 
ing stroma.  The  surface  of  the  ovary  then  gives  way,  the 
wall  of  the  follicle  bursts,  and  the  ovum  and  the  liquid, 
with  some  of  the  cellular  contents  of  the  follicle,  are  dis- 
charged into  the  mouth  of  the  Fallopian  tube.  The 
largest  Graafian  follicles  can  be  readUy  seen  with  the  naked 
eye,  and  measure  from  ith  to  -^th.  inch  in  diameter. 
Graafian  follicles  of  middle  size  have  an  average  diameter 
of  about  -Jg^th  inch,  and  contain  a  much  smaller  amount  of 
follicular  fluid.  The  smallest  Graafian  follicles  are  arranged 
in  large  numbers  in  the  cortex  immediately  subjacent  to 
the  surface  epithelium.  They  are  about  "x^th  inch  in 
diameter,  contain  no  follicular  fluid,  and  are  lined  by  a 
single  layer  of  the  cells  of  the  membrana  granulosa,  which 
are  interposed  between  the  ovum  and  the  wall  of  the 
follicle.    In  rare  cases  two  ova  occur  in  a  single  follicle. 

These  modifications  in  the  size  of  the  Graafian  follicles 
are  especially  seen  during  the  sexually  active  period  of 
life.  In  children  they  are  almost  uniformly  of  small  size, 
and  number,  in  all  probability,  between  30,000  and  40,000 
in  each  ovary.  After  puberty,  from  twelve  to  twenty  or 
thirty,  may  be  seen  at  one  time  expanding  into  follicles  of 
the  largest  size,  a  change  in  condition  which  indicates  that 
in  them  the  ova  are  becoming  mature.  After  an  ovum  is 
discharged,  through  rupture  of  the  wall  of  the  follicle,  the 
chink  on  the  surface  of  the  ovary  heals,  and  forms  a  scar, 
and  the  Graafian  follicle  becomes  occupied  by  a  yellowish 
mass,  called  a  corpus  luteum. 

The  corpus  luteum  is  a  lobulated  body  closely  invested 
by  the  wall  of  the  follicle,  which  possesses  about  its  centre 
an  irregularly  elongated  greyish  band,  which  is  softer  than 
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the  surrounding  lobules.  The  yellow  mass  is  composed  of 
cells,  the  protoplasm  of  which  is  finely  granulated.  Some 
of  the  cells  are  spherical  in  shape,  but  the  greater  number 
are  elongated,  and  uni-  or  bi-caudate,  in  the  latter  case 
forming  thick  spindles  ;  sometimes  the  caudate  processes 
branch.  The  yellow  mass  is  very  vascular,  its  vessels 
being  continuous  with  and  derived  from  those  in  the  wall 
of  the  follicle.  The  larger  vessels  lie  between  the  lobules, 
and  give  rise  to  an  abundant  capillary  network.  The  cells 
of  the  corpus  luteum  are  derived  from  the  cells  of  the 
membrana  granulosa,  which  rapidly  multiply  and  increase 
in  size  after  the  discharge  of  the  ovum.  In  the  course  of 
time  the  corpus  luteum  shrivels  up  and  disappears.  Where 
an  ovum  has  become  impregnated,  the  corpus  luteum 
remains  for  a  much  longer  period  than  when  impregnation 
has  not  taken  place  :  the  persistence  being  probably  due 
to  the  greater  flow  of  blood  to  the  generative  organs  in  the 
pregnant  state,  keeping  up  for  a  longer  period  the  nutri- 
tion of  the  yellow  body. 

The  ovum  or  germ  cell  is  a  globular  body  which  attains 
a  diameter  of  about  -jioth  inch  prior  to  being  extruded 
from  the  Graafian  follicle.  The  mature  mammalian  ovum 
is  an  example  of  a  well-formed  cell.  It  possesses  a  colour- 
less envelope,  the  zona  pellucida  or  vitelline  membrane, 
which  represents  the  cell  wall :  the  zona  usually  seems  to 
be  perfectly  pellucid ;  but  a  finely  striated  appearance  has 
been  described  in  it,  which  is  believed  to  indicate  the 
presence  of  minute  pores.  Within  the  zona  is  the  tjelk 
protoplasm,  or  cell  contents,  which  contains  numerous 
fatty  granules.  Imbedded  in  the  yelk  is  the  germinal 
vesicle  or  nucleus,  about  ^th  inch  in  diameter,  which 
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contains,  not  only  a  minutely  granulated  material,  but  a 
dark  definite  spot,  the  germinal  spot  or  nucleolus,  about 
,  1  th  inch  in  diameter.  The  zona  pellucida  is  appa. 
rently  formed  by  a  differentiation  of  the  peripheral  part 
of  the  yelk  protoplasm. 

The  ovary  receives  its  supply  of  blood  from  the  ovarian 
artery  which  enters  it  at  the  hilus. 
It  divides  into  small  branches  in 
the  fibrous  medulla,  which  pass  out- 
wards to  the  cortex,  and  form  capil- 
lary plexuses  in  the  walls  of  the 
Graafian  follicles.  The  veins  which 
leave  the  ovaries  form  a  well-marked    fig.  22s.— OFum  of  a  sheep. 

n    ■,      ,^  ■  W.  cell  wall  or  zona  pellu- 

plexus,    called    the    pampinitorm      cida;  p,  protoplasm  or 

.     ,  genn  yelk ;  N,  nucleus  or 

plexus,  between  the  layers  or  the      germinal  vesicle ;  nl,  nu- 

1-1  cleolus  or  germinal  spot. 

broad  ligament.     Lymphatics  also 

pass  out  at  the  hilus :  they  form  within  the  ovary  a 
capillary  plexus,  and  are  continuous  with  lymph  spaces 
situated  around  the  Graafian  follicles ;  according  to  His 
they  pass  into  the  substance  of  the  corpora  lutea.  The 
nerves  proceed  from  the  sympathetic  plexus  which  accom- 
panies the  ovarian  artery,  and  have  been  traced  towards 
the  Graafian  follicles,  but  their'mode  of  termination  is  not 
known. 

Development  of  the  Ovary  and  Ova. 

From  the  observations  of  Waldeyer,  it  would  seem  that 
the  ovary  appears  as  a  thickening,  or  small  eminence,  on  the 
median  aspect  of  the  Wolffian  body  in  the  early  embryo. 
It  consists  of  two  parts,  a  superficial  epithelium,  and  a 
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subjacent  tissue  abounding  in  corpuscles,  which  projects 
from  the  interstitial  tissue  of  the  Wolffian  body,  and  sub- 
sequently becomes  the  vascular  stroma  of  the  ovarj^ 
Both  the  epithelium  and  the  vascular  stroma  of  the  ovary 
are  differentiations  of  the  cells  of  the  mesoblast. 

The  superficial  epithelium  is  named  by  Waldeyer  the 
germ  epithelium,  for  from  its  cells  the  ova  are  produced. 
It  consists  of  columnar  corpuscles,  arranged  side  by  side 
so  as  to  cover  the  free  surface  of  the  ovary.  Each  germ 
epithelium  corpuscle  consists,  as  has  been  pointed  out  by 
J.  Foulis,  of  an  elongated,  columnar-shaped  nucleus, 
invested  by  so  thin  and  delicate  a  layer  of  protoplasm, 
that  the  nucleus  forms  the  most  noticeable  part  of  the 
corpuscle  The  corpuscles  are  from  gwu^*'^  TsVot^ 
inch  in  their  long,  and  about  -^^i"^  in  their  short 
diameter.  Waldeyer  showed  that  changes  then  took  place 
m  some  of  these  germ  epithelial  corpuscles ;  the  nucleus 
swelled  out  into  a  spherical  body,  the  protoplasm  around 
the  nucleus  increased  considerably  in  quantity,  a  nucleolus 
appeared  within  the  nucleus,  and  the  corpuscles  assumed  a 
spherical  form,  and  f ormed'a  primordial  ovum.  At  the  same 
time  involutions  of  the  columnar  germ  epithelium  into  the 
substance  of  the  ovary  are  taking  place  on  various  parts  of 
its  surface,  and  some  of  the  corpuscles  of  this  involuted 
epithelium  pass  through  modifications  in  form  and  struc- 
ture similar  to  those  seen  in  the  epithelium  on  the  free 
surface  of  the  ovary,  so  that  spherical  corpuscles,  or  pri- 
mordial ova,  appear  also  in  it.  The  sub-epithelial  tissue, 
or  ovarian  stroma,  now  contains  multitudes  of  fusiform 
connective  tissue  corpuscles,  with  some  capillary  blood- 
vessels.   A  coincident  growth  takes  place  in  it,  so  that 
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it  penetrates  between  and  around  the  spherical  cor- 
puscles, and  separates  them  from  the  columnar  corpuscles 
on  the'  outer  surface  and  in  the  involuted  germ  epithe- 
lium. Collections  of  these  spherical  cells  then  become 
enclosed  in  the  substance  of  the  stroma  of  the  ovary,  and 
form  the  egg-chains  and  egg-clusters  described  by  Pfiuger 
and  Waldeyer.  As  the  examination  of  the  developing  ovary 
is  made  by  means  of  vertical  sections  into  its  substance,  the 
egg-chains  appear  as  if  enclosed  in  tubes,  and  have  led  to 


Fig.  229— Vertical  section  through  the  OvaiT  of  the  Human foetTis.  g,  <7,  germ 
epithelium,  with  o,  o,  developing  ova  in  it;  s,  i,  ovarian  stroma,  containing 
c,  c,  c,  fusifoiTn  connective  tissue  corpuscles ;  v,  d,  capillary  tlood-vessels.  In 
the  centre  of  the  figure  an  invohition  of  the  germ  epithelium  is  sliown;  and  at 
the  left  lower  side  a  primdrdial  ovum,  with  the  connective  tissue  corpuscles 
ranging  themselves  round  it. — After  Foulis. 


the  impression  that  the  ovary  was  a  tubular  gland.  But, 
from  Foulis's  observations,  it  would  appear  that  these  so- 
called  tubes  are  produced  by  sections  through  furrows  and 
depressions  between  irregular  prominences  on  the  surface 
of  the  ovary,  which  prominences  are  owing  to  the  ex- 
pansion of  egg-clusters  situated  under  the  germ  epithe" 
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Hum.    Waldeyer  believed  that  of  the  cells  in  the  imbedded 
egg-clusters,  some  developed  into  ova,  whilst  others  greatly 
multiplied  in  numbers  and  formed  the  cells  of  the  mem- 
brana  granulosa,  whilst  the  surrounding  vascular  stroma 
formed  the  wall  of  the  Graafian  follicle.   Hence  he  regarded 
both  the  ova  and  the  follicular  epithelium  as  derived 
from  the  germ  epithelium.    The  researches  of  J.  Foulis 
have  led  to  a  modification  of  this  opinion.    The  primordial 
ova  undoubtedly  arise  from  imbedded  spherical  cells  of 
the  germ  epithelium.     But  Foulis  has  traced  delicate 
processes  of  the  connective  tissue  stroma,  with  its  charac- 
teristic fusiform  coi'puscles,  penetrating  between  the  indi- 
vidual cells  of  the  egg-clusters,  so  as  to  separate  these  cells 
from  each  other,  and  to  give  to  each  cell  a  special  envelope 
of  stroma  tissue.    The  connective  tissue  corpuscles  of  the 
stroma  are  closely  applied  to  the  peripheral  part  of  the 
yelk  protoplasm  of  the  primordial  ovum,  so  as  to  dimple 
its  surface.     The  vascular  stroma  surrounding  each  pri- 
mordial ovum  then  forms  the  wall  of  the  Graafian  follicle, 
whilst  the  fusiform  connective  tissue  corpuscles  rapidly 
proliferate  into  the  cells  of  the  membrana  granulosa,  which 
originally  form  only  a  single  layer.     According  to  this 
view,  therefore,  whilst  the  ova  are  specially  modified 
germ  epithelium  cells,  the  cells  lining  the  Graafian  follicle 
are  derived  from  the  corpuscles  of  the  connective  tissue 
stroma.    With  the  increase  in  the  number  of  the  cells  of 
the  membrana  granulosa  they  become  arranged  in  several 
layers,  and  the  discus  proligerus  is  produced ;  as  the 
expansion  of  the  follicle  goes  on,  the  liquor  folliculi  is 
secreted.    The  cells  of  the  membrana  granulosa  have  a 
diameter  of  about  -ginnjth  inch. 
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The  primordial  ovum  is  converted  into  [the  mature 
ovum,  not  only  by  growing  larger,  principally  by  an 
increased  formation  of  the  yelk  protoplasm,  but  by  the 
yelk  becoming  infiltrated  with  fatty  granules.    An  invest- 
ing envelope  or  zona  pellucida  is  also  produced.  Eeichert 
and  many  other  observers  supposed  that  the  zona  was 
formed  from  the  cells  of  the  membrana  granulosa  imme- 
diately surrounding  the  ovum,  but  it  is  more  probably 
produced  by  a  special  differentiation  of  the  peripheral 
layer  of  the  yelk  protoplasm.     The  germinal  vesicle  is 
the  modified  nucleus  of  a  germ-epithelial  corpuscle,  and 
as  this  nucleus,  not  only  in  the  unmodified  germ  epithe- 
lium cell,  but  in  the  early  stage  of  growth  of  the  primor- 
dial ovum,  greatly  preponderates  in  size  over  its  investing 
protoplasm,  it  seems  at  first  to  be  the  most  important 
constituent  of  the  cell.    About  the  time  of  the  maturation 
of  an  ovum  the  germinal  vesicle  has  apparently  completed 
its  function,  for  when  the  Graafian  follicle  has  burst,  and 
the  ovum  has  escaped  into  the  Fallopian  tube,  the  vesicle 
can  no  longer  be  distinguished.    The  formation  of  pri- 
mordial ova  from  the  germ  epithelium  corpuscles  comes  to 
an  end  before  the  third  year  of  extra-uterine  life.    Of  the 
many  thousands  of  primordial  ova  in  each  ovary,  only  a 
comparatively  small  number  come  to  maturity,  and  the 
maturation  of  the  ova  ceases  when  the  function  of  men- 
struation terminates. 
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PAE-OVAEIITM. 

The  Par-ovarium,  or  Organ  of  Rosenmiiller,  is  a  small 
body  situated  between  the  two  layers  of  the  broad  liga- 
ment in  the  interval  between  the  ovary  and  the  Fallopian 
tube.  It  consists  of  a' group  of  short  convoluted  tubules, 
from  twelve  to  twenty  in  number,  arranged  in  a  radiated 
manner,  with  the  base  towards  the  Fallopian  tube,  and 
with  the  apex  towards  the  ovary,  but  having  no  connec- 
tion with  either  structure  (fig.  231).  At  the  base  a  longi- 
tudinal tube  often  unites  the  convoluted  tubes  together. 
This  longitudinal  tube  is  developed  in  the  sheep,  cow,  and 
pig  into  a  canal,  which  extends  along  the  side  wall  of  the 
uterus  and  vagina  to  open  near  the  orifice  of  the  urethra, 
where  it  is  named  the  canal  or  duct  of  Gaertner.  The 
tubes  of  the  par-ovarium  are  lined  by  epithelium. 


FALLOPIAN  TUBES. 

The  Fallopian  tubes,  or  Oviducts,  are  not  anatomically 
continuous  with  the  ovaries,  but  are  intimately  connected 
with  the  supero-lateral  angles  of  the  uterus.  They  are 
two  in  number,  and  are  placed  one  along  the  upper  free 
border  of  each  broad  ligament.  Each  oviduct  is  from  3 
to  4  inches  long;  at  its  uterine  or  attached  end  it  is 
slender  and  cord-like,  but  it  expands  towards  its  outer  or 
free  end,  and  terminates  in  a  number  of  delicate  processes 
or  fimbrioe,  one  of  which  is  often  attached  to  the  surface 
of  the  ovary.  These  fimbriae  surround  the  mouth  of  the 
oviduct,  which,  though  constricted  at  the  orifice,  opens 
into  the  wide,  trumpet  shaped  outer  end  of  the  tube. 
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The  oviduct  possesses  foiu  coats.  The  external  or 
se7'ous  coat  is  continuous  with  the  peritoneum  forming  the 
broad  ligament.  The  muscular  coat  consists  of  an  external 
longitudinal,  and  an  internal  circular  layer  of  non-striped 
fibres,  continuous  with  the  muscular  wall  of  the  uterus. 
Beneath  the  muscular  coat  is  the  submucous  coat,  formed 
of  vascular  ^connective  tissue.  The  internal  or  mucous 
coat  lines  the  Fallopian  tube,  and  is  continuous  with  the 
mucous  lining  of  the  uterus.  It  is  elevated  into  longi- 
tudinal folds,  and  is  covered  on  its  free  surface  with  a 
ciliated  columnar  epithelium ;  glands  do  not  exist  in  the 
mucous  membrane.  At  the  external  orifice  the  ciliated 
columnar  epithelium  is  prolonged  upon  the  inne^^ surface 
of  the  fimbriae,  and  on  these  processes  it  passes  into  the 
squamous  endothelium  of  the  peritoneum. 

Though  the  oviduct  is  not  directly  continuous  with  the 
substance  of  the  ovary,  yet  when  ova  are  being  shed, 
through  rupture  of  the  wall  of  the  Graafian  follicles,  the 
fimbriated  end  of  the  Fallopian  tube  embraces  the  surface 
of  the  ovary,  so  that  the  ova  can  enter  its  mouth.  The 
ovary  therefore  differs  from  glands  generally  in  not  having 
its  excretory  duct  directly  continuous  with  its  secreting 
structure.  The  ovum  is  propelled  along  the  duct,  partly 
by  the  movements  of  the  cilia,  and  partly  doubtless  by  a 
peristaltic  contraction  of  the  muscular  coat. 
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THE  tTTEEtrS. 

The  Uterus  is  the  important  organ  which  receives  the 
ovum,  and  after  impregnation  retains  it  during  embry- 
onic life,  until  its  development  being  sufficiently  advanced, 
the  period  of  parturition  arrives,  when  the  fcstus  is 
expelled  from  the  uterus.  In  the  non-impregnated  state 
the  uterus  lies  in  the  cavity  of  the  pelvis,  between  the 
rectum  and  the  bladder,  and  is  about  3  inches  long, 
2  inches  broad  at  the  widest  part,  and  not  quite  1  inch 
thick.  When  the  ovum  is  impregnated,  the  uterus  increases 
greatly  in  size,  rises  into,  and  occupies  a  considerable  part 
of,  the  cavity  of  the  abdomen  proper. 

The  iiterus  is  compared  in  shape  to  a  pear,  and  pos- 
sesses a  fundus,  a  body,  and  a  neck.    The  fundus  is  the 


FIG.  230.-Theanteviov  surface  of  the  uterus  a^^^^ 

broad,  free,  convex  upper  end,  and  projects  slightly  beyond 
the  place  of  attachment  of  the  two  Fallopian  tubes.  The 
body  is  elongated,  with  its  anterior  and  posterior  surfaces 
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slightly  convex,  and  mth  its  side  nearly  straight.  The 
neck  or  cervix  uteri  is  the  lower,  somewhat  constricted  end, 
about  one  inch  in  length,  the  wall  of  which  is  continuous 
with  that  of  the  vagina. 

The  non-gravid  uterus  lies  obliquely  in  the  cavity  of  the 
pelvis,  the  fundus  is  directed  upwards  and  forwards,  the 
cervix  and  os  downwards  and  backwards.  The  body  is 
not  quite  strai^t,  but  is  slightly  curved,  with  the  con- 
cavity towards  the  bladder,  the  convexity  towards  the 
rectum,  The  vagina  forms  an  angle  with  the  uterus  at 
their  place  of  junction,  so  that,  whilst  the  axis  of  the 
uterus  is  in  that  of  the  pelvic  inlet,  the  axis  of  the  vagina 
lies  almost  in  that  of  the  pelvic  outlet. 


Fig.  231— The  posterior  surface  of  the  broad  ligaments  and  the  cavity  of  the 
Uterus.  /,  fundus  ;  6,  body,  and  c,  ceiTlx  uteri  ;  v,  vagina ;  bl,  broad  ligament; 
t.  Fallopian  tube;  o,  ovary;  o/,  ovarian  ligament;  p,  pai'-ovarium ;  r,  round 
ligament. 

The  uterus  possesses  a  wall  of  considerable,  but  not  of 
uniform,  thickness  :  for  the  posterior  wall  both  of  the  body 
and  cervix  is  somewhat  thicker  than  their  anterior  wall, 
whilst  the  sides  of  the  uterus,  at  the  junction  with  the 
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Fallopian  tubes,  are  generally  thinner.  The  body  of  the 
uterus  is  hollowed  out  into  a  triangular  cavity,  which 
communicates  at  its  base  with  the  Fallopian  tubes.  The 
base  of  the  triangular  cavity  is  at  the  uterine  fundus, 
the  opposite  end  is  at  the  cervix,  where  it  communicates 
with  the  canal  in  the  cervix  by  a  circular  constricted 
opening,  named  the  os  uteri  internum.  The  cavity  of  the 
cervix  is  elongated  and  somewhat  fusiform.  The  aperture 
of  communication  between  the  cervix  and  the  vagina  is 
transversely  elongated,  and  named  the  os  uteri  externum. 
The  OS  externum  is  bounded  by  two  thick  lips,  the  pos- 
terior of  which  is  longer  than  the  anterior,  because  the 
posterior  wall  of  the  vagina  is  prolonged  higher  on  the 
uterus  than  is  the  anterior  wall.  From  the  oblique  direc- 
tion of  the  uterus,  the  anterior  lip  reaches  lower  down  in 
the  vagina  than  the  posterior  lip. 


Structv,re  of  the  Uterus. 

The  uterus  possesses  three  coats,  a  serous,  a  muscular, 

and  a  mucous. 

The  serous,  or  external  coat,  covers  the  posterior  surface 
of  the  neck  and  body,  the  fundus,  the  anterior  surface  of 
the  body,  but  not  the  anterior  surface  of  the  neck  of  the 
uterus:  it  is  also  prolonged  from  the  back  of  the  cervix 
uteri  on  that  part  of  the  posterior  wall  of  the  vagina,  which 
lies  behind  the  posterior  lip  of  the  os  uteri.  It  is  reflected 
from  the  sides  of  the  uterus,  as  the  hroad  ligameids,  which  are 
prolonged  to  the  sides  of  the  pelvis  :  in  front  it  is  reflected 
to  the  bladder  as  the  two  utero-vesical  folds,  whilst  behind 
it  is  reflected  to  the  rectum  as  the  two  utero-redal  folds  of 
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peritoneum.  The  interval  between  the  uterus  and  the 
bladder,  bounded  laterally  by  the  uterp-vesical  folds  is  the 
utero-vesical  pouch  of  the  peritoneum,  whilst  the  interval 
between  the  uterus  and  rectum,  bounded  laterally  by  the 
utero-rectal  folds,  is  the  utero-rectal  pouch,  or  pouch  of 
Douglas.  Both  the  utero-vesical  and  utero-rectal  folds  of 
peritoneum  contain  fasciculi  of  non-striped  muscle,  con- 
tinuous with  the  muscular  coat  of  the  uterus.  Those  in 
the  utero-rectal  folds  are  most  distinct,  and  extend  back- 
wards to  the  rectum  in  the  region  of  the  second  sacral 
vertebra.  Luschka  conceives  that  they  can  draw  the  uterus 
backwards,  and  has  named  the  arrangement  the  musculus 
retractor  uteri. 

The  broad  ligaments  of  the  uterus  are  expanded  folds 
of  the  peritoneum,  which  not  only  serve  as  lateral  liga- 
ments for  the  organ,  but  enclose  the  Fallopian  tubes,  the 
ovarian,  and  round  ligaments,  the  par-ovarium  and  the 
vessels  and  nerves  of  the  uterus  and  ovaries.  The  ovaries 
also  are  attached  by  their  anterior  borders  to  the  posterior 
surface  of  the  broad  ligaments. 

The  roimd  ligament,  or  ligamentum  teres,  is  a  round  cord 
about  five  inches  long,  attached  to  the  upper  angle  of  the 
uterus,  below  and  in  front  of  the  Fallopian  tube.  It 
passes  forwards  and  outwards  to  reach  the  internal  or  deep 
abdominal  ring ;  it  then  enters  the  inguinal  canal,  along 
which  it  passes,  and  leaves  it  at  the  external  or  superficial 
abdominal  ring  to  end  by  becoming  continuous  with 
the  subcutaneous  tissue  of  the  pubic  region.  The  round 
ligament  is  chiefly  composed  of  non-striped  muscular 
fibres  continuous  with  the  muscular  wall  of  the  uterus,  and 
some  of  these  fibres  spread  out  between  the  layers  of  the 
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broad  ligament.    Sometimes  a  prolongation  of  the  peri- 
toneum, named  the  canal  of  Nuck,  accompanies  the  round 
ligament  into  the  inguinal  canal. 
■  The  muscular  coat  consists  of  non-striped  muscle  inter- 
mingled with  areolar  tissue,  arranged  so  compactly  as  to 
form  the  thick,  dense  wall  of  the  unimpregnated  uterus. 
In  the  impregnated  uterus  the  muscular  wall  expands  and 
becomes  less  compact,  during  the  growth  of  the  organ,  and 
the  muscular  coat  is  then  seen  to  be  arranged  in  three  sets 
of  fibres.    The  external  set  forms  a  thin  layer  immediately 
beneath  the  peritoneum,  the  fibres  of  which  extend  from 
the  cervix  over  the  body  and  fundus,  and  are  prolonged 
into  the  round  ligament,  the  ovarian  ligaments,  the  wall  of 
the  Fallopian  tubes,  between  the  layers  of  the  broad  liga- 
ments, the   utero-rectal   and  utero-vesical  folds.  The 
middle  set  of  fibres  consists  of  longitudinal  and  transverse 
fasciculi,  which  intersect  in  various  directions,  especially 
at  the  sides  of  the  uterus,  where  they  surround  the  arteries 
and  veins  of  the  organ.    The  inner  set  of  fibres  forms  the 
thickest  part  of  the  muscular  coat.    They  are  arranged  in 
concentric  rings  around  the  sides  of  the  fundus,  from  the 
place  of  junction  of  the  Fallopian  tubes  to  the  middle  of 
the  body.    In  the  cervix  and  around  the  external  and 
internal  os,  they  are  arranged  circularly,  and  form  the 
sphincter  muscles  of  those  regions.    The  increase  in  size 
of  the  muscular  coat  during  pregnancy  is  due  to  the 
formation  of  additional  fasciculi,  and  to  a  considerable 
increase  in  size  of  the  muscular  fibre-cells. 

The  mucous  membrane  lining  the  uterus  presents  differ- 
.  ent  appearances  in  the  cervix  and  in  the  body  of  the 
organ    In  the  cervix  it  is  elevated  into  two  longitudinal 
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ridges,  one  on  the  anterior  and  the  otter  on  the  posterior 
wall,  to  which  a  number  of  shorter  ridges,  directed 
obliquely  downwards,  converge,  the  whole  forming  an 
appearance  known  as  the  plicae  palmatre  or  arbor  vitce. 
The  epithelial  covering  of  the  mucous  lining  of  the  cervix 
is  not  at  all  times  the  same.  In  the  virgin  it  consists  of 
ciliated  columnar  cells,  which  extend  as  far  as  the  os  ex- 
ternum, where  a  squamous  and  stratified  epithelium,  like 
that  of  the  vagina  occurs.  After  the  first  pregnancy  the 
ciliated  epithelium  is  confined  to  the  upper  half  or  two- 
thirds  of  the  cervical  canal,  whilst  the  lower  part  is  lined 
with  stratified  squamous  cells.  In  the  lower  part  of  the 
cervix  vascular  papillae  project  into  the  epithelium. 
Simple  and  branched  mucous  follicles,  lined  by  a  ciliated 
columnar  epithelium,  open  into  the  cervix,  and  in  addition 
clear  vesicles,  filled  with  a  yellowish  fluid,  and  named  the 
ovida  JVabothi,  are  also  found.  In  the  pregnant  uterus 
the  glands  of  the  cervix  secrete  a  tenacious  mucous,  which 
plugs  up  the  OS  and  cervix. 

The  mucous  lining  of  the  body  of  the  uterus  is  smooth 
and  thin,  and  so  closely  set  on  the  muscular  coat  that  a 
definite  submucous  coat  can  scarcely  be  said  to  exist.  It 
is  covered  by  a  ciliated  columnar  epithelium,  the  cells  of 
which  are  not  very  elongated.  Numerous  small  openings 
exist  on  the  free  surface  of  the  mucosa,  which  are  the 
mouths  of  the  utricular  glands.  When  vertical  sections 
are  made  through  the  uterine  wall,  the  utricular  glands 
are  seen  to  be  elongated  tubes,  which  branch  once  or  twice 
in  the  course  of  their  extent.  It  is  not  unusual  to  see  two 
neighbouring  glands  join  close  to  the  free  surface  of  the 
mucosa,  and  open  by  a  common  aperture.    The  glands  do 
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not  lie  vertically  to  the  free  surface,  as  is  represented  in 
the  well-known  diagram  by  E.  H.  Weber,  but  run  ob- 
liquely, or  even  in  a  slightly  convoluted  manner,  so  that 
in  vertical  sections  they  are  often  cut  across,  and  only 
portions  of  the  length  of  any  single  gland  can  usually 


Fig  232.— Vertical  section  throngh  the  mucous  membrane  of  the  Huii;a  n  Uterus, 
e"  columnar  epithelium— the  ciUa  are  not  represented;  g,  g,  utricular  glands; 
ct,  a,  interglandiUar  connective  tissue;  v,  v,  hlood- vessels ;  m,  m,  muscularis 
mucosae.    X  450. 

be  seen.  The  closed  ends  of  the  glands  reach  as  far  as  the 
innermost  layer  of  the  muscular  coat,  which  sends  pro- 
longations around  the  deep  end  of  the  gland,  and  repre- 
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sents  therefore,  as  J.  WiUiams  has  stated,  the  muscularis 
mucos£e  of  the  alimentary  mucous  membrane.  The  glands 
are  lined  by  a  columnar  epithelium.  In  1846  Allen 
Thomson  observed,  though  he  did  not  record  the  fact,  that 
the  epithelial  lining  of  the  uterine  glands  in  the  sow  was 
ciliated.  In  1852  Leydig  published  an  account  of  the 
ciliated  epithelium  of  the  glands  in  this  animal.  Since 
that  time  Lott  has  recognised  it  in  the  cow,  sheep,  rabbit, 
mouse,  and  bat,  and  more  recently  Friedlander  and  J. 
Williams  have  observed  it  in  the  human  female.  The 
interglandular  connective  tissue  contains  multitudes  of 
oval  and  elliptical  corpuscles,  which  from  their  number 
give  a  marked  character  to  the  structure.  In  this  tissue 
are  distributed  small  arteries  and  veins,  united  together  by 
a  capillary  plexus,  which  is  distributed  around  the  tubular 
glands. 

The  uterus  receives  its,  supply  of  blood  from  the  two 
ovarian  branches  of  the  aorta  and  the  two  uterine  branches 
of  the  internal  iliac  arteries.  The  uterine  arteries  reach 
the  uterus  at  the  sides  of  the  cervix,  and  ascend  in  relation 
to  the  borders  of  attachment  of  the  broad  ligament, 
giving  off  numerous  branches  into  the  muscular  wall. 
The  ovarian  arteries  enter  the  folds  of  the  broad  liga- 
ments, and  not  only  give  branches  to  the  ovaries  and 
.  Fallopian  tubes,  but  send  each  a  large  branch  to  the  side 
of  the  uterus,  which  supplies  its  wall  in  the  region  of  the 
fundus,  and  freely  inosculates  with  the  uterine  artery. 
The  branches  of  the  arteries  in  the  muscular  wall  are 
tortuous,  and  the  number  and  tortuosity  of  the  branches 
increase  greatly  during  pregnancy.  The  uterus  is  provided 
with  numerous  veins,  which  are  thin  walled,  without  valves. 
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and  lie  in  close  relation  to  the  muscular  fasciculi.  They 
freely  communicate  with  each  other  and  give  rise  to  the 
uterine  and  ovarian  plexuses  of  veins.  During  pregnancy 
the  veins  within  the  muscular  coat  increase  greatly  in  size, 
and  form  a  cavernous-looking  arrangement  in  the  muscular 
wall.  Lymphatic  vessels  form  a  network  in  the  muscular 
wall,  from  which  larger  lymphatics  proceed,  that  pass  be- 
tween the  layers  of  the  broad  ligaments.  From  the  observa- 
tions of  Leopold,  it  would  appear  that  lymph  spaces  exist 
between  the  bundles  of  connective  tissue  of  the  mucosa, 
the  walls  of  which  spaces  are  formed  of  the  flattened  en- 
dothelial cells  investing  those  bundles,  and  that  similar 
endothelial  sheaths  invest  the  glands  and  blood-vessels. 
The  nerves  of  the  uterus  arise  from  the  hypogastric  and 
spermatic  plexuses  of  the  sympathetic,  and  from  the  3rd 
and  4th  sacral  nerves.  Their  arrangement  and  distribu- 
tion have  been  investigated  by  Tiedemann,  Kobert  Lee, 
Snow  Beck,  and  Frankenhauser.  They  form  numerous 
plexuses,  in  which  both  meduUated  and  non-medullated 
nerve  fibres  and  nerve  cells  are  found.  They  are  distri- 
buted in  the  muscular  wall,  and  Frankenhauser  states  that 
the  fibres  can  be  traced  into  the  nuclei  of  the  contractile 
muscular  fibre-cells.  By  some  authoi-s  the  nerves  are 
said  to  increase  in  size  during  pregnancy. 
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THE  VAGINA, 


The  vagina  is  the  tube  which  extends  from  the  uterus 
to  the  vulva.  It  is  about  5  inches  long,  and  curves  from 
above  downwards  and  forwards.  Posteriorly  it  is  related 
to  the  rectum,  from  which  it  is  separated,  in  the  greater 
part  of  its  extent,  by  the  thin  recto-vaginal  layer  of  the 
pelVic  fascia,  whilst  between  its  upper  end  and  the  rectum 
is  the  bottom  of  the  pouch  of  Douglas,  lined  by  the  peri- 
toneum. Anteriorly  it  is  related  to  the  bladder  and 
urethra,  the  latter  of  which  is  imbedded  in  the  anterior 
wall  of  the  vagina.  Laterally,  the  levatores  ani  muscles 
and  the  visceral  layer  of  the  pelvic  fascia  are  attached  to 
it.  This  fascia  gives  a  thin  prolongation  in  front  of  the 
vagina,  which  at  the  same  time  encloses  the  urethra. 
The  upper  end  of  the  vagina  embraces  the  cervix  uteri, 
and  extends  in  a  marked  degree  higher  up  behind  than  in 
front,  so  that  the  protrusion  of  the  posterior  lip  of  the 
03  uteri  into  the  vagina  is  much  greater  than  that  of  the 
anterior  lip.  The  lower  end  of  the  vagina  opens  in  the 
vulva,  at  the  bottom  of  the  vestibule  between  the  two 
nymphse,  and  behind  the  orifice  of  the  urethra;  the 
diameter  of  this  opening  is  somewhat  less  than  that  of  the 
tube  of  the  vagina. 

8tntct%ire. — The  vagina  possesses  an  external  coat  of 
connective  tissue  derived  from  the  pelvic  fascia.  Beneath 
this  coat  is  the  muscular  coat,  formed  of  fasciculi  of  non- 
striped  muscle,  arranged  both  longitudinally  and  cir- 
cularly, which  are  continuous  above  with  the  muscular 
wall  of  the  uterus.    The  inner  coat  is  formed  of  the 


848 


a:natomy. 


mucous  membrane  which  is  elevated  in  the  virgin  into 
two  longitudinal  folds,  one  on  the  anterior,  the  other  on 
the  posterior  wall,  and  into  numerous  transverse  folds; 
these  folds  almost  entirely  disappear  in  women  who  have 
borne  several  children.  The  free  surface  of  the  mucosa 
is  covered  by  a  stratified  squamous  epithelium,  into  which 
numerous  papillte  project.  The  ducts  of  numerous  small 
mucous  glands  and  follicles  open  into  it;  lymph  corpuscles 
and  lymph  follicles  are  also  scattered  through  it.  It  is 
supplied  with  blood  by  branches  of  the  uterine,  vesical, 
and  vaginal  arteries,  derived  from  the  internal  iliac.  The 
veins  corresponding  to  these  arteries  form  a  vaginal  plexus 
around  it.  Lymphatic  vessels  form  plexuses  in  its  wall. 
Its  nerves,  derived  from  the  hypogastric  plexus  of  the 
sympathetic,  and  from  the  4th  saci-al  and  pudic  nerves, 
also  form  plexuses  in  which  are  numerous  microscopic 
ganglia. 

The  external  orifice  of  the  vagina  is,  in  the  virgin,  to  a 
large  extent  closed  up  by  a  fold  of  the  mucous  membrane, 
named  the  Hymen.  This  membrane  does  not  form  a  com- 
plete partition,  but  is  usually  semilunar  in  shape,  with  the 
concave  free  border  directed  towards  the  pubes.  At  times 
the  hymen  j)asses  completely  round  the  orifice  of  the 
vagina,  when  it  is  pierced  by  a  circular  opening  near  the 
centre.  In  rare  cases  the  hymen  is  imperforate.  The 
hymen  is  ruptured  in  the  act  of  copulation,  and  its 
remains  form  some  papillary  elevations  around  the  orifice 
of  the  vagina  called  carunculoe  myHiformes. 

The  B^dbo■cavernosus  muscle,  or  compressor  hulbi,  sur- 
rounds the  orifice  of  the  vagina  and  the  wall  of  the  vesti- 
bule.   It  is  formed  of  striped  muscle,  which  arises  from 
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the  central  tendinous  point  of  the  perineum  and  from  the 
perineal  septum,  to  which  are  also  attached  the  sphincter 
ani,  transversi  perinei,  and  levatores  ani  muscles.  Its 
fasciculi  run  forwards  and  embrace  the  bulb  of  the  vesti- 
bule, and  are  inserted  into  the  cms  clitoridis  and  into  the 
upper  part  of  the  bulb.  As  its  most  anterior  fibres  are  in 
relation  to  the  urethra  in  the  vaginal  wall,  Luschka  regards 
it  also  as  a  sphincter  of  the  urethra  (fig.  233). 


Fig.  233— Dissection  of  the  female  Perineum,  a,  anus;  r.^vagina;  w,  urethra;  n. 
.spliincter  ani  externus;  I,  levator  ani;  g,  gluteus  maxinins;  p,  p,  perineal 
septum ;  t,  transversus  perinei  muscle ;  6,  bulho-cavernosus  muscle ;  15,  vesti- 
bular bulb;  D,  gland  of  Duverney;  c,  clitoris;  c,  erector  clitoridis  muscle. 
Modified  from  Savage. 

The  VESTIBULE  is  the  interval  between  the  nymphas, 
in  which  the  orifices  of  the  urethra  and  vagina  are  situated. 
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At  the  orifice  of  the  urethra  are  some  slight  folds  of  the 
mucous  membrane.  The  Nymplioe,  or  labia  minora,  are  two 
muco-tegumentary  folds,  which  lie  one  on  each  side  of  the 
vaginal  orifice,  and  form  the  lateral  walls  of  the  vestibule. 
When  they  are  removed  the  bulbo-cavernosus  muscle  is 
exposed,  and  situated  partially  under  cover  of  each  half  of 
this  muscle  is  a  highly  vascular  structure,  the  Btilh  of  the 
vestibule.  The  vestibular  bulb  is  about  one  inch  long,  and 
consists  of  a  complicated  venous  erectile  network,  the  veins 
from  which  communicate  with  the  vaginal  plexus  of  veins 
and  with  the  veins  of  the  clitoris.  A  smaller  venous 
plexus  in  front  of  the  bulb  has  been  named  by  Kobelt  the 
pars  intermedia.  The  two  vestibular  bulbs  represent,  in 
the  female,  the  two  halves  of  the  erectile  part  of  the  bulb 
in  the  corpus  spongiosum  penis.  The  muco-tegumentary 
surface  of  the  nymphse  is  covered  by  a  squamous  imd 
stratified  epithelium,  and  opening  on  its  surface  are  the 
ducts  of  numerous  small  muQOus  glands. 

Two  glands,  named  the  Glands  of  Bartholini,  or 
Luverney,  or  the  vulvo-vaginal  glands,  open  each  by  a  long 
duct  into  the  vestibule  close  to  the  orifice  of  the  vagina. 
These  glands  vary  in  size  from  a  pea  to  a  small  almond, 
and  lie  between  the  transversi  perinei  muscles  and  the 
posterior  end  of  the  bulbus  vestibuli.  They  are  homologous 
with  Cowper's  glands  in  the  male,  and  like  them  possess 
the  compound  racemose  type  of  structure. 

At  the  anterior  part  of  the  vestibule  is  situated  the 
Clitoris,  a  structure  about  1|-  inch  long,  which  represents 
in  the  female  the  penis  of  the  male,  but  has  no  urethra 
enclosed  in  it.  It  is  attached  to  the  sides  of  the  pubic 
arch  by  two  crura,  which  become  the  corpora  cavernosa 
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cUtoridis  and  form  the  body  of  the  clitoris.  The  anterior 
end  of  the  clitoris  forms  a  smaU  and  imperforate  glans,  which 
is  invested  on  its  superior  surface  by  a  preputial  fold  of 
the  integument.  The  clitoris  resembles  in  structure  the 
penis.  Each  crus  clitoridis  is  covered  by  an  erector  clitoridis 
muscle,  that  arises  from  the  ischial  tuber,  and  is  inserted 
into  the  corpus  cavernosum. 

The  clitoris,  nymphee,  vestibule,  and  the  orifices  of  the 
urethra  and  vagina  are  enclosed  between  two  folds,  of  the 
integument  named  Labia  majora,  or  labia  pudendi,  which 
unite  in  front  and  behind  at  the  anterior  and  posterior 
commissures.  Immediately  in  front  of  the  posterior  com- 
missure is  a  transverse  muco-tegumentary  fold  named  the 
fourchette.  In  front  of  the  labia,  the  skin  is  elevated  in 
front  of  the  pubes  into  an  eminence,  the  mons  Veneris. 
The  mons  and  the  outer  surface  of  the  labia  are  covered 
with  hairs. 

THE  MAMMARY  GLANDS. 

The  Mammary  Glands  are  accessory  structures  to  the 
Reproductive  system,  and,  at  the  termination  of  utero- 
gestation,  are  enga.ged  in  the  secretion  of  milk  for  the 
nutrition  of  the  infant.  They  are  two  in  number,  and 
are  situated  one  in  each  pectoral  region.  They  form  the 
rounded  eminences  named  the  breasts,  and  occupy  in 
woman,  when  gravid  or  nursing,  the  region  from  the  3rd 
to  the  6th  ribs,  and  from  the  side  of  the  sternum  to  the 
axilla.  From  about  the  centre  of  each  breast  the  nipple 
projects,  the  base  of  which  is  surrounded  by  a  pigment- 
stained  ring  or  areola.    The  superficial  surface  of  the  gland 
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IS  in  relation  to  the  skin  and  subcutaneous  fatty  fascia ; 
Its  deep  surface  rests  on  the  aponeurosis  covering  the 
greater  pectoral  muscle. 

The  mammary  gland  is  divided  into  primary  lobes, 
separated  from  each  other  by  lobules  of  fat.  Each  primary 
lobe  is  sab-divided  into  secondary  lobes,  and  these  again 
into  lobules,  whilst  the  lobules  consist  of  rounded  acini  or 
gland  vesicles.  From  these  lobules  slender  branched 
ducts  arise,  and  the  ducts  from  adjacent  lobules  join 
together  to  form  larger  ducts,  these  again  join  to  form  still 
larger  ducts,  until  at  length  from  15  to  20  large-sized 
milk  ducts  are  formed,  which  converge  to  the  nipple  to 
open  on  its  surface  by  as  many  orifices.  Prior  to  entering 
the  nipple  the  ducts  dilate  into  sinuses,  in  which  the  milk 
collects  during  lactation. 

The  mamma  is  a  compound  racemose  gland.  The  ducts 
are  lined  by  an  epithelium  composed  of  short  columnar 
cells.  In  the  virgin  the  secreting  cells  within  the  acini  are 
also  columnar,  but  during  lactation  they  swell  out  into 
polyhedral  cells,  and  the  gland  vesicles  at  the  same  time 
become  more  dilated. 

The  gland  is  supplied  with  blood  by  the  perforating 
branches  of  the  internal  mammary  artery,  the  aortic  inter- 
costals,  and  the  external  mammary  branch  of  the  axillary 
artery,  which  end  in  capillary  plexuses  around  the  gland 
vesicles.  Corresponding  veins  accompany  these  arteries. 
The  anterior  and  lateral  cutaneous  nerves  give  branches 
to  it. 

In  the  male  the  gland  is  rudimentary,  and  the  nipple, 
though  small,  is  always  present.  Cases  have  been  known 
in  which  the  male  mamma  has  developed  so  as  to  secrete 
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milk.  Sometimes  ia  young  men  at  the  time  of  puberty 
the  mamma  swells  out  a  little  and  secretes  a  little  thin 
fluid.  Supernumerary  mammae  in  the  human  subject  have 
been  recorded  by  W.  Gruber,  P.  D,  Handyside,  and  other 
anatomists. 
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Development  of  the  Ueinart  and  Repkodtjctive  Systems. 

The  Urinary  and  Reproductive  Organs  have  close  relations  to 
each  other,  not  only  after  their  formation  is  completed,  but  in  the 
region  of  their  development. 

In  the  early  embryo  the  following  structures  are  found  in  the 
abdominal  region  on  each  side  of  the  mesial  plane :— A  WolflSan 
body  ;  an  excretory  duct  of  the  Wolffian  body ;  a  small  body 
situated  at  the  summit  of  the  Wolffian  body  ;  a  genital  gland  ;  a 
slender  tube  named  the  Miillerian  duct  lying  on,  but  not  communi- 
cating with,  the  Wolffian  body. 

The  Wolffian  bodies  appear  in  the  human  embryo  about  the 
3rd  week  as  thickenings  of  the  niesoblast  lying  in  relation  to  the 
ventral  surfaces  of  those  protovertebrae,  which  correspond  in  posi- 
tion to  the  abdominal  region.  The  mesoblast  cells,  out  of  which 
they  proceed,  lie  between  these  protovertebra;  and  the  line  of  divi- 
sion of  the  mesoblast  into  somato-pleure  and  splanchno-pleure, 
where  they  form  a  mass  named  the  intermediate  cell-mass.  In  the 
cell  mass  a  tube  or  duct  appears,  from  which  diverticular  offshoots 
arise,  as  a  series  of  short  convoluted  tubes  with  vascular  glomeruli, 
not  unlike  the  structure  of  the  kidney.  From  this  resemblance  in 
structure  the  Wolffian  bodies  are  often  called  the  jn-imordial 
kidneys.  The  duct  of  each  Wolffian  body  opens  into  the  cloaca. 
After  fulfilling  until  about  the  6th  or  7th  week  of  embryonic  life 
the  office  of  kidneys,  the  Wolffian  bodies  atrophy,  so  that  at  the 
time  of  birth  scarcely  any  trace  remains.  In  the  adult  male  the 
body  known  as  the  organ  of  Giraldes  and  the  vas  aberrans  are 
the  representatives  of  the  Wolffian  body ;  whilst  in  the  adult  female 
some  fragments  of  tubes,  called  the  grains  of  FoUn,  near  the  par- 
ovarium, are  its  persistent  representatives. 

The  perTTUinent  kidneys  arise  from  a  mass  of  mesoblast  cells 
situated  in  relation  to  the  dorsal  aspect  of  the  Wolffian  duct.  As 
this  mass  increases  in  size  it  becomes  hollowed  out  into  minute 
tubes,  the  rudiments  of  the  uriniferous  tubes,  which,  as  growth 
and  development  proceed,  elongate  and  form  the  characteristic 
tubular  structures  of  the  kidney.  These  tubes  then  communicate 
with  a  tube,  arising  apparently  in  connection  with  the  mesoblast, 
which  becomes  the  ureter. 

The  urinary  bladder  is  formed  by  a  dilatation  of  that  part  of  the 
allantois,  which,  by  the  development  of  the  abdominal  walls,  be- 


comes 


DEVELOPMENT  OF  ORGANS  OF  GENERATION.  855 

enclosed  within  the  abdominal  cavity.  The  allantois  itself 
appears  as  a  hollow  bud-like  diverticulum  ixom  the  primitive  hmd 
sut  and  grows  not  only  into  the  pleuro-pentoneal  cavity,  but 
Syondlhe'^body  cavity,  so  as  to  come  into  contact  with  the  outer 
envelope  of  the  ovum,  and  assist  in  the  formation  of  the  secondary 
or  persistent  chorion.  The  wall  of  the  allantoic  bud  consists  ex- 
ternally of  cells  derived  from  the  mesoblast,  which  deve  op  into  a 
vascular  connective  tissue,  and  internally  of  cells  derived  from  the 
hypoblast,  which  form  the  epithelial  lining  of  the  sac  of  the  allan- 
tois, and  are  continuous  with  the  hypoblast  epithelial  lining  of  the 
primitive  hind  gut.  As  the  development  of  the  walls  of  the 
abdomen  advances,  the  part  of  the  aUantois  connecting  its  extra- 
abdominal  and  intra-abdominal  portions  becomes  attenuated  into  a 
slender  peduncle,  until  finally,  in  the  human  subject,  aU  communi- 
cation between  the  two  disappears.  The  intra-abdominal  part  ot 
the  sac  becomes  the  urinaiT  bladder,  and  the  attenuated  peduncle 

forms  the  urachus. 

The  Genital  Glands  in  the  two  sexes  arise  in  close  relation  to  the 
WolfiSan  body  from  the  same  intermediate  cell  mass.  The  develop- 
ment of  the  mary  and  ova  has  already  been  described  (p.  832),  and  it 
has  been  shown  that  the  ova  arise  by  an  involution  and  subsequent 
development  of  the  germ-epithelium  corpuscles  covering  the  surface 
of  the  intermediate  cell  mass,  in  the  seat  of  development  of  the 
ovary  ;  whilst  the  vascular  stroma  of  connective  tissue,  the  walls  of 
the  Graafian  follicles,  and  the  cells  of  the  membrana  granulosa, 
proceed  from  the  subjacent  structures  continuous  with  the  inter- 
stitial tissue  of  the  Wolffian  body. 

The  Testicle  is  also  produced  in  the  same  locality,  but  its  tubular 
gland  structure  apparently  proceeds  from  a  differentiation  of  the 
cells  of  the  subjacent  interstitial  tissue,  and  not  from  the  super- 
ficial germ-epithelium,  which  loses  its  columnar  form  and  probably 
becomes  the  squamous  endothelium  of  the  visceral  layer  of  the 
tunica  vaginalis  testis.    In  the  human  embryo  the  sexual  distinct- 
ness of  the  genital  glands  is  said  to  be  apparent  about  the  7th  and 
8th  week,  and,  from  Kolliker's  observations,  the  tubes  of  the  testicle 
can  be  recognised  about  the  10th  week.    Subsequently  they  grow 
longer,  branch,  assume  their  characteristic  arrangement  and  struc- 
ture, and  form  the  tubuli  seminiferi  of  the  lobes  of  the  testis,  the 
vasa  recta,  and  the  rete  testis.    The  more  superficial  parts  of  the 
interstitial  tissue  diS'erentiate  into  the  connective  tissue  of  the 
tunica  albuginea. 

The  small  body  situated  at  the  summit  of  the  Wolifian  body 
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was  first  recogaised  as  distinct  from  the  Wolffian  body  by  J. 
Cleland,  and  its  structure  has  been  investigated  both  by  him  and 
by  W.  M.  Banks.  It  is  formed  of  tubes,  12  to  18  in  number, 
which  run  transversely  from  without  inwards,  and  are  slightly 
wavy  in  their  course.  Their  outer  ends  are  connected  together  by 
a  common  tube.  This  body  does  not  contain  glomeruli  such  as 
are  formed  in  the  Wolffian  body.  According  to  Banks,  this  body 
is  converted  in  the  male  into  the  vasa  efferentia,  coni  vasculosi, 
and  globus  major  of  the  epididymis,  and  its  tubes  become  con- 
tinuous with  those  of  the  rete  testis.  In  confirmation  of  this 
opinion  of  Banks's,  I  may  refer  to  a  congenital  malformation  that  I 
described  in  1865,  in  which  the  globus  major  was  absent,  and  the 
testicle  was  not  continuous  with  the  bodyand  globus  minorof  the  epi- 
didymis. In  this  case  the  genital  gland  and  the  duct  of  the  Wolffian 
body  had  been  developed,  but  the  small  body  at  the  summit  of  the 
Wolffian  body  had  either  not  been  developed,  or  had  atrophied,  so 
that  the  communication  between  the  testicle  and  epididymis  had 
not  been  established.  In  the  female  the  small  body  becomes  con- 
verted into  the  par-ovarium. 

The  excretory  duct  ^  of  the  Wolffian  lady  becomes  dissociated 
from  the  proper  tubes 'of  that  structure.  In  the  male  it  is  con- 
verted into  the  body  and  globus  minor  of  the  epididymis,  the  vas 
deferens,  and  the  common  ejaculatory  duct,  whilst  the  vesicula 
seminalis  arises  as  a  diverticular  prolongation  from  it.  The  vas 
abeiTans  is  probably  a  persistent  portion  of  the  tubular  structure 
of  the  Wolffian  body,  which  preserves  its  communication  with  the 
excretory  duct,  now  converted  into  the  tube  of  the  epididymis. 
The  tube  of  the  body  of  the  epididymis  becomes  continuous  with 
that  of  the  globus  major.  In  the  male,  therefore,  the  excretory 
duct  of  the  Wolffian  body  is  converted  into  an  important  part  of 
the  genital  apparatus.  In  the  female,  again,  this  duct  almost 
entirely  disappears,  but  it  forms  in  certain  animals  the  tubes  called 
the  canals  of  Gacrtncr. 

The  Duct  of  Miiller  is  a  slender  tube,  which  is  formed  by  an 
involution  of  the  epithelium  covering  the  intermediate  cell  mass, 
along  a  line  immediately  internal  to  the  duct  of  the  Wolffian  body. 
The  Miillerian  duct  opens  at  its  anterior  end  into  the  peritoneal 
cavity,  and  as  it  passes  backwards  it  lies  in  close  relation  to  the 
Wolffian  duct.  The  Miillerian  and  Wolffian  ducts  of  the  two 
sides  become  incorporated  into  a  cord,  named  by  Thiersch  the 
genital  cord,  in  which  each  tube  is  at  first  distinct.  After  a  time 
the  two  Miillerian  ducts  become  fused  together  posteriorly,  and 
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form  a  common  passage  for  a  considerable  distance  ;  but  at  their 
anterior  ends  they  always  remain  distinct.  The  further  develop- 
ment of  the  Miillerian  ducts  varies  materially  m  the  two  sexes. 
In  the  male  they  almost  entirely  disappear,  and  are  represented  in 
the  adult  by  the  pedunculated  hydatid  of  Morgagui,  situated  at 
the  summit  of  the  testicle,  wMch  is  the,  persistent  remains  of  the 
anterior  end  of  the  duct,  and  by  the  vesicula  prostatica  which  is 
the  conjoined  portion  of  the  posterior  ends  of  the  two  ducts  that  had 
coalesced  in  the  genital  cord.  Banks  is  of  opinion  that  the  small 
cysts,  sometimes  situated- alongside  of  the  epididymis,  may  also  be 
remains  of  the  anterior  part  of  the  MliUerian  duct. 

In  the  female  the  ducts  of  Miiller  become  greatly  developed,  and 
form  the  genital  tubes  and  passages.  The  anterior  end  of  each 
duct  remains  distinct,  and  becomes  the  Fallopian  tube,  whilst  the 
posterior  coalesced  portions  are  converted  into  the  uterus  and 
va-nna.  The  greater  or  less  extent  of  this  coalescence  accounts  for 
the  production  of  the  simple  uteras,  or  the  several  varieties  of 
double  uteri  that  occur  in  different  mammals,  or  that  are  found  as 
variations  in  the  human  female.  The  tissue  of  the  genital  cord, 
which  surrounds  and  connects  together  the  Wolffian  and  Mullerian 
ducts,  becomes  converted  in  the  male  into  the  prostate  gland, 
and  in  the  female  into  the  intermediate  tissue  between  the  urethra 
and  vagina. 

In  both  sexes  the  genital,  urinary,  and  intestinal  tubes  open  on 
the  perineal  surface  of  the  embryo  by  a  common  outlet,  or  cloaca, 
up  to  the  seventh  or  eighth  week  of  embryo  life.  A  partition  then 
forms  in  this  cloaca,  which  divides  it  into  a  posterior  or  anal  part, 
and  an  anterior  part,  named  the  uro-genital  simus,  which  serves  as 
a  common  space  for  the  termination  of  the  urinary  Wolffian  and 
Miillerian  ducts.  The  female  urethra  and  the  prostatic  part  of 
the  male  urethra,  situated  above  the  vesicula  prostatica  and  the 
orifices  of  the  ejaculatory  ducts,  are  formed  from  that  part  of 
the  urogenital  sinus  which  lies  above  the  orifices  of  the  Miil- 
erian  and  Wolffian  ducts  ;  whilst  the  lower  part  of  this  sinus 
ultimately  forms  the  vestibule  in  the  female,  and  the  lower  part 
of  the  prostatic  and  the  membranous  part  of  the  urethra  in  the 
male. 

A  fold  appears  at  the  front  of  the  uro-genital  sinus,  named  the 
genital  eminence,  which  differentiates  into  the  penis  or  clitoris. 
In  the  male  it  is  grooved  on  its  under  surface,  and  this  uro-genital 
groove,  by  the  development  of  a  pair  of  folds,  which  grow  together 
to  meet  below  in  the  mesial  line,  subsequently  closes  in  to  form 
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the  corpus  spongiosum  urethrse.  In  the  female  this  closure  does' 
not  occur,  but  the  folds  grow  downwards  and  increase  in  size  to 
form  the  nymphse.  The  urethra  has  therefore  no  relation  to  the 
clitoris,  but  opens  independently  into  the  vestibule,  or  persistent 
lower  part  of  the  uro-genital  sinus.  The  bulbs  of  the  vestibule 
represent  the  bulbous  part  of  the  male  corpus  spongiosum,  but  from 
the  absence  of  a  corpus  spongiosum  urethra  in  the  female,  they  do 
not  meet  in  the  mesial  line  and  remain  as  independent  bUateral 
bodies. 

At  the  sides  also  of  the  uro-genital  sinus  folds  of  integument 
arise.  In  the  female  they  form  the  labia  majora,  and  are  separated 
from  each  other  by  the  vertical  fissure  which  communicates  with 
the  vestibule  ;  whilst  in  the  male  the  two  folds  meet  in  the  middle 
line  of  the  perineum  to  form  the  scrotum,  the  line  of  union  being 
permanently  marked  by  the  raised  raphe  of  the  scrotum. 

In  the  development  of  the  external  organs  of  generation  the 
female  does  not  present  so  perfect  a  mesial  union  of  the  originally 
bilateral  folds  as  takes  place  in  the  male,  so  that  the  female  does 
not  make  so  great  an  advance,  but  preserves  certain  arrangements 
which  represent  a  transitional  stage  in  the  male  development.  The 
development  of  the  internal  organs  in  the  two  sexes  shows  much  more 
important  divergences.  Thus  in  the  formation  of  the  male  genital 
passages,  whilst  the  Miillerian  duct  takes  no  part,  the  Wolffian 
duct  is  of  primary  importance.  In  the  female,  again,  the  genital 
passages  are  dilatations  of  the  Miillerian  ducts,  and  the  Wolfiian 
ducts  do  not  contribute  to  their  production.  The  genital  glands, 
again,  though  arising  in  both  sexes  from  the  intermediate  cell 
mass,  j'et  owe  their  essential  constituents  to  di3"erent  portions  of 
that  mass  of  cells.  For  whilst  the  ova  are  special  differentiations 
of  the  corpuscles  of  the  germ  epithelial  layer  on  its  surface,  the 
seminal  tubes,  with  their  contents,  are  derived  from  the  subjacent 
sub-epithelial  tissue. 

Owing  to  these  differences  in  the  development  of  the  sexual  ap- 
paratus in  the  male  and  female,  the  possibility  arises  of  individuals 
being  produced,  possessing  in  a  more  or  less  strongly  marked  degree 
the  characters  of  the  two  sexes.  For  example,  the  want  of  union 
of  the  two  halves  of  the  scrotum  in  the  mesial  line  of  the  perineum 
would  cause  a  mesial  vertical  cleft  between  the  two  lateral  folds 
of  integument ;  if  this  were  conjoined  with  the  want  of  union  of 
the  two  lateral  halves  of  the  uro-genital  groove,  the  urethra  would 
open,  not  at  the  end  of  the  penis,  but  in  the  vertical  mesial  cleft. 
Externally,  therefore,  the  individual  might  appear  to  have  the 
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characters  of  a  female,  although  the  testicles  might  he  present  in 
the  divided  scrotum,  and  the  ovaries  and  uterus  be  absent. 

Again,  in  an  individual  otherwise  possessing  the  characters  ot 
a  male,  if  the  Miillerian  ducts  were  not  to  atrophy,  but  to  undergo 
a  certain  commensurate  enlargement,  the  prostatic  vesicle  would 
not  appear  as  a  rudimentary  structure,  but  would  exhibit  to  a 
greater  or  less  degree,the  external  characters  of  a  vagina  and  uterus, 
situated  between  the  rectum  and  the  bladder.  _ 

The  difference  in  the  mode  of  development  of  the  testicle  and 
ovary  also  lends  countenance  to  the  possibility  of  both  kinds  ot 
glands  beins  produced  in  the  same  individual,  a  condition  which 
has  occasionally  been  seen  in  certain  fish,  as  the  codfish  and  her- 
ring, but  examples  of  the  occurrence  of  which  have  not  been  so 
definitely  ascertained  in  the  higher  vertebrates. 

It  may,  however,  be  stated  that  a  structure  sometimes  found 
closely  attached  to  the  outer  surface  of  the  human  testicle,  and 
named  by  Luschka  the  non-pedunculated  hydatid  of  Morgagni  (to 
distinguish  it  from  the  pedunculated  hydatid  of  Morgagni  near  the 
head  of  the  epididymis),  is,  by  the  recent  researches  of  Fleischl, 
in  all  probability  the  rudimentary  ovarium  viascuUmim.  Its  outer 
surface  is  covered  by  a  cubical  or  short  cylindrical  epithelium, 
distinct  from  the  squamous  endothelium  of  the  surrounding  tunica 
va^nalis,  which  is  involuted  to  some  extent  into  its  substance. 
Its  proper  substaaice  consists  of  connective  tissue,  with  convoluted 
canals,  lined  by  a  cubical  or  short  cylindrical  ciliated  epithelium. 
Hence  in  the  male  a  rudimentary  representative  of  the  ovary  may 
be  present,  though  functionally  inactive. 

The  Mammary  glands  are  developed  in  connection  with  the 
integument  of  the  pectoral  region.  It  has  been  customary  to 
regard  the  epithelial  lining  of  the  ducts  and  gland  vesicles  as  arising 
from  an  involution  of  the  cells  of  the  cuticular  epiblast,  whilst 
the  dacts  and  the  vascular  connective  tissue  of  the  lobes  proceed 
from  the  subjacent  mesoblast.  From  the  recent  observations  of 
C.  Creighton,  it  would  appear  that  the  acini  of  the  gland  arise  at 
many  separate  points  quite  independent  of  the  ducts,  and  developc 
from  the  same  kind  of  cells  which  give  origin  to  the  fatty  tissue. 
The  ducts  themselves  are  formed  by  the  aggregation  of  embiyonic 
cells  along  certain  lines,  and  are  formed  before  the  acini,  with 
which  they  subsequently  become  continuous.  Creighton's  obser- 
vations on  the  development  of  the  mamma  support  Goodsir's 
view  of  gland  development,  according  to  which  a  gland  is  originally 
a  mass  of  nucleated  cells,  the  progeny  of  one  or  more  parent  cells ; 
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whilst  the  memtrane  in  connection  with  the  embryo  gland  may,  or 
may  not,  be  prolonged  in  the  form  of  a  hollow  cone  into  the  mass ; 
but,  whether  this  happens  or  not,  the  extremities  of  the  ducts  are 
formed  as  closed  vesicles,  and  then  nucleated  cells  are  formed 
within  them,  and  are  the  parents  of  the  epithelium  cells  of  the 
perfect  organ. 


CHAPTEE  XIII. 


THE  PLACENTA. 


The  impregnated  ovum  undergoes  witMn  the  cavity  of 
the  uterus  those  structural  changes  which  lead  to  the 
development  of  the  embryo,  and  the  formation  of  the 
placenta.  The  placenta  is  the  organ  that  serves  as  the 
medium  of  connection,  during  intra-uterine  life,  between 
mother  and  foetus,  and  in  which  the  physiological  pro- 
cesses take  place  that  are  concerned  in  the  nutrition  of 
the  foetus. 

The  placenta  is  a  compound  organ,  and  consists  of  two 
series  of  structures,  the  one  belonging  to  the  foetus,  the 
Fcetal  Placenta ;  the  other  to  the  mother,  the  Maternal 
Placenta.  In  the  diffused  form  of  placenta  occurring  in 
the  Pig,  Mare,  Zebra,  Cetacea,  Manis,  Lemurs,  and  Camels, 
and  in  the  Cotyledonary  form  of  placenta  of  the  typical 
Eurainants,  the  foetal  and  maternal  parts  of  the  placenta 
can  be  readily  separated  from  each  other.  But  in  the 
zonary  form  of  placenta  occurring  in  the  Caruivora,  Hyrax, 
and  the  Elephant;  in  the  dome-shaped  placenta  of  the 
Sloths  and  in  the  discoid  placenta  of  the  Rodentia,  Insec- 
tivora,  Cheiroptera,  Quadrumana,  and  the  Human  female, 
the  foetal  and  maternal  structures  are  much  more  intimately 
blended  with  each  other. 

The  Fcetal  Placenta,  is  formed  of  certain  membranes, 
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named  chorion,  amnion,  allantois,  and  umbUical  vesicle, 
the  mode  of  formation  of  whicii  will  now  be  considered. 

When  the  ovum  becomes  fertilised  by  the  penetration 
of  spermatozoa  through  the  zona  pellucida,  developmental 
changes  take  place  in  it,  which  lead  to  the  production  not 
only  of  the  embryo,  but  of  the  foetal  membranes.  The 
yelk  undergoes  cleavage,  and  becomes  subdivided  into 
multitudes  of  minute  cells,  each  consisting  of  a  nucleated 
clump  of  protoplasm.  These  cells  form,  immediately 
within  the  zona  pellucida,  a  cellular  membrane,  the  blas- 
toderm, which  surrounds  the  undifferentiated  central  part 
of  the  yelk,  assumes  a  vesicular  form,  and  is  named  the 
hlastodermic  vesicle.  At  one  part  of  the  blastoderm  a 
roundish  white  spot  then  appears  and  forms  the  area 
germinativa,  or  area  of  formation  of  the  future  embryo. 
Commencing  at  the  area  germinativa  the  blastoderm  splits 
into  two  layers,  an  outer,  epiderm  or  epiblast,  and  an 
inner,  hypoderm  or  hypoblast.  Subsequently  a  third  or 
intermediate  layer  is  formed,  the  mesoderm  or  mesoblast. 

Whilst  these  changes  are  taking  place  in  the  cells 
derived  from  the  differentiation  of  the  yelk,  the  zona 
pellucida,  which  was  at  first  quite  smooth,  gives  rise, 
at  least  in  the  dog  and  rabbit,  to  numerous  short,  simple 
villi,  which  form  the  villi  of  the  primitive  chorio?i. 
Whether  or  not  similar  villous  outgrowths  project  from 
the  zona  pellucida  of  the  human  ovum  has  not  yet  been 
determined.  These  villi  are,  like  the  zona  itself,  perfectly 
structureless,  and  their  apparent  object  is  to  attach  the 
ovum  in  the  early  stage  of  gestation  to  the  surface  of  the 
uterine  mucous  membrane.  In  a  short  time  the  primitive 
chorion  disappears,  and  is  replaced  by  the  secondary  or 
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permanent  chorion,  whicli  forms  the  outer  envelope  of  the 
embryo,  and  is  the  proper  medium  of  attachment  to  the 

wall  of  the  uterus. 

The  mode  of  origin  of  \kQ  secondary  ox  persisted  clwrion 

has  now  to  be  considered. 

From  the  margin  of  the  area  germinativa  a  deUcate  fold 
arises,  which,  by  becoming  more  and  more  elevated,  gra- 
duaUy  extends  itself  above  the  back  of  the  young  embryo, 
until  at  last  the  folds  from  opposite  sides  meet  in  the 
middle  Une,  become  continuous  with  each  other,  and  form 
the  membrane  of  the  amnion.    Between  the  amnion  and 
the  back  of  the  embryo  is  a  space,  the  cavity  of  the 
amnion,  which  increases  in  size  by  the  secretion  of  the 
liquor  amnii  into  it.    The  amnion  consists  of  two  layers, 
an  outer  and  an  inner,  and  as  it  is  derived  from  the  area 
germinativa  it  is  necessarUy  continuous  with  the  blasto- 
derm.   The  inner  layer  of  the  amnion,  which  lies  next 
the  amniotic  cavity,  consists  of  tesseUated  epithelial  cells, 
is  derived  from  the  epiblast,  and  is  continuous  with  the 
cuticular  layer  of  the  embryo.    The  outer  layer  of  the 
amnion  is  a  thin  stratum,  continuous  with  the  somato- 
pleure  layer  of  the  mesoblast,  and  formed  of  stellate  and 
spindle-shaped  cells,  like  the  corpuscles  of  embryonic  con- 
nective tissue.    The  amnion  is  the  most  internal  of  the 
foetal  membranes,  and  forms  an  ovoid  bag  in  which  the 
foetus  and  liquor  amnii  are  contained. 

But  before  the  amniotic  folds  meet  to  become  continu- 
ous with  each  other,  the  free  edge  of  each  fold  is  bent  out- 
wards, and,  by  a  continuous  process  of  growth,  gradually 
spreads  around  the  ovum,  immediately  within  the  zona 
pellucida,  so  as  to  form  a  layer,  which  was  named  by  Von 
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Baer  the  serous  envelope  of  the  ovum,  but  which  may 
more  appropriately,  from  its  position  within  the  zona,  be 
named  the  sub-zonaU  membrane.  When  the  union  of  the 
amniotic  folds  has  taken  place,  the'  sub-zonal  membrane 
becomes  completely  severed  from  the  proper  amnion,  and 
constitutes  one  of  the  layers  of  the  secondary  or  persistent 
chorion.  The  sub-zonal  membrane  consists  essentially  of 
a  layer  of  cells,  which  was  originally  continuous  with  the 
cellular  layer  lining  the  inner  surface  of  the  proper  amnion, 
and  through  it  with  the  epiblast  cells  forming  the  cuticular 
covering  of  the  embryo.  But  it  is  not  unlikely  that, 
along  with  this  cell-layer,  a  thin  prolongation,  of  the  layer 
of  stellate  connective  tissue  corpuscles  of  the  somato- 
pleure  layer  of  the  mesoblast  is  present.  Between  the 
sub-zonal  membrane  and  the  proper  amnion  a  space  exists, 
continuous  with  the  general  pleuro-peritoneal  cavity  of 
the  embryo,  which  is  of  interest,  in  connection  with  the 
formation  of  the  permanent  chorion,  as  the  space  into 
which  the  allantois  grows  and  expands. 

Whilst  the  changes  in  the  epiblast  and  somato-pleure, 
which  lead  to  the  formation  of  the  amnion  and  sub-zonal 
outer  layer  of  the  persistent  chorion,  are  taking  place,  the 
hypoblast  and  adjacent  splanchno-pleure  gradually  extend 
over  the  undifferentiated  part  of  the  yelk,  which  they 
enclose  in  a  sac,  the  yelk-sac,  or  umbilical  vesicle,  and  at 
the  same  time  they  form  along  the  ventral  surface  of  the 
embryo-  an  elongated  tube,  the  alimentary  canal.  This 
canal  at  first  freely  communicates  with  the  yelk-sac,  but 
as  the  walls  of  the  alimentary  canal  thicken  and  become 
more  closed  in,  the  communication  narrows,  until  at 
length  the  omphalo-mesenteric  duct  forms  the  only  channel 


PLACENTA. 


865 


of  communication  between  the- umbilical  vesicle  and  the 
intestine.  In  the  splanchno-pleure  forming  the  wall  of 
the  umbUical  vesicle,  and  in  the  corresponding  wall  of  the 
alimentary  tube,  blood-vessels,  are  developed.  As  that 
pole  of  the  umbQical  vesicle,  which  lies  opposite  the 
omphalo-mesenteric  duct  reaches,  and  is,  and  at  an  early 
period  of  its  development,  in  contact  with  a,  limited  area 
of  the  sub-zonal  membrane,  the-  blood-vessels  in  the  wall 
of  the  vesicle  may  be,  and  in,  some  mammals  are,  conveyed 
by  it  up  to  the  sub-zonal  membrane. 

In  some  mammals,  as  in  the  Pig,  Mare,  Cetacea,  and 
Kuminantia,  the  umbilical  vesicle  disappears  as  develop- 
ment advances,  so  that  no  trace  of  it  can  be  seen  in  the 
membranes  of  an  advanced  embryo.    In  others,  as  the 
Human  subject^,  it  persists,  according  to  Schultze,  even  up 
to  .the  end  of  intra-uterine  life,  as  a  minute  vesicle  at  the 
placental  end  of  the  umbilical,  cord.    In  the  Carnivora 
and  Pinnipedia  again  it  forms  a  well-defined  sac,  in  rela- 
tion to  the  abdominal  aspect  of   the  foetus,  situated 
between  the  allantois  and  amnion,  and  prolonged  laterally 
into  two  horns.    In  the  Bitch  I  have  seen  its  vessels  per- 
sistent, and  forming  a  well-defined  plpxus  in  its  wall, 
though  they  did  not  reach  the  chorion.    In  the  Eabbit, 
and  probably  also  in  other  Rodentia,  the  umbilical  vesicle 
reaches  the  chorion,  and  forms  a  large  sac  in  contact  with 
a  considerable  portion  of  that  membrane,  to  which  it 
conveys  blood-vessels:  but  the  discoid  placenta  of  the 
rabbit  apparently  derives  its  foetal  vessels  only  from  tbat 
part  of  the  chorion  which  receives  its  vascular  supply  from 
the  allantois. 

An  important  change  also  takes  place  at  the  pelvic  end 
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of  the  alimentary  tube.  The  small  vesicular  outgrowth, 
named  the  allantois,  rapidly  increases  in  size,  grows  into 
the  space  between  the  umbilical  vesicle,  amnion  and  sub- 
zonal  membrane,  and  becomes  more  or  less  intimately 
united  with  these  structures,  but  more  especially  with  the 
sub-zonal  membrane,  and  its  extra-abdominal  part  forms 
a  dilated  bag,  the  sac  of  the  allantois,  which  contains  the 
allantoic  fluid.  This  sac  keeps  up  its  continuity  with  the 
urinary  bladder  by  a  slender  tubular  stalk,  the  urachus, 
which  passes  through  the  abdominal  wall  at  the  umbilicus. 
The  wall  of  the  sac  of  the  allantois,  having  reached  the 
inner  surface  of  the  sub-zonal  membrane,  spreads  itself 
over  the  whole,  or  a  great  part  of  that  surface,  and  forms 
the  inner  layer  of  the  permanent  chorion.  The  allantois 
is  lined  by  an  epithelium  continuous  with  the  hypoblast 
epithelial  lining  of  the  intestine,  whilst  external  to  the 
epithelium  is  a  layer  of  connective  tissue,  continuous  with 
and  derived  from  -the  splanchno-pleure  layer  of  the  meso- 
blast.  In  this  connective-tissue  layer  blood-vessels  are 
developed,  which  are  continuous  with  the  abdominal  ves- 
sels of  the  embryo.  When  the  sac  of  the  allantois  reaches 
the  sub-zonal,  or  external,  layer  of  the  permanent  chorion, 
the  blood-vessels  are  necessarily  .brought  there  at  the  same 
time,  and,  as  the  allantois  grows  to  form  the  inner  layer 
of  the  chorion,  its  blood-vessels  become  the  vessels  of  the 
permanent  chorion,  or  the  vessels  of  the  foetal  placenta. 
These  vessels  increase  in  size  and  numbers  with  the  growth 
of  the  chorion,  their  trunks  become  the  umbilical  arteries 
and  vein,  they  enter  into  the  formation  of  the  umbilical 
cord,  and  pass  into  the  abdominal  cavity,  at  the  umbilicus, 
to  join  the  aorta  and  inferior  vena  cava. 
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There  are  thus  four  structures,  of  which  one  is  developed 
at  the  periphery  of  the  ovum,  whilst  the  remaining  three 
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Fig  234 -Diagram  of  the  Fcetal  Membranes.  Structures  which  either  are,  or 
have  heen  at  an  earlier  period  of  development,  continuous  with  each  other  a,re 
represented  by  the  same  character  of  shading,  pc,  primitive  chorion  w^h  its 
s^.  sub-zonal  membrane;  E,  epiblast,  or  cuticular  covenng  of  emuryo 
Imt  nuous  with  am,  the  amnion ;  M,  mesoblast  fonnmg  the  bu  k  of  the  body 
of  the  embryo,  and  prolonged  into  the  wall  of  the  sac  of  the  Allantois  ai!,  and 
?nto  the  wa^U  of  the  Umbilical  Vesicle  UV.  H,  hypoblast  foming  the  epi- 
thelial lining  of  the  intestinal  tube  and  prolonged  into  the  vvall  of  the  sac  of 
the  Allantois  and  of  the  UmbUical  Vesicle;  AC,  cavity  of  Amnion;  ALC, 
cavity  of  Allantois. 

ultimately  reach  the  periphery,  which  from  their  position 
may  enter  into  the  formation  of  the  persistent  chorion,  or 
outer  envelope  of  the  foetus :  viz.,  the  zona  pellucida,  the 
sub-zonal  membrane,  the  allantois,  and  the  umbilical  vesicle. 
The  structureless  zona,  with  its  simple  structureless  villi, 
which  together  form  the  primitive  chorion,  very  early  dia- 
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appears,  either  by  becoming  incorporated  with  the  sub- 
zonal  membrane,  so  as  no  longer  to  be  recognised  as  an 
independent  membrane,  or  by  becoming  absorbed.  The 
sub-zonal  membrane,  or  serous  envelope  of  the  ovum  of 
Von  Baer,  originally  continuous  with  the  amniotic  folds, 
and  through  them  with,  the  epiblast  layer  of  the  blasto- 
derm, persists,  and  forms  the  epithelial,  non-vascular  epi- 
blast layer  of  the  persistent  chorion,  and  of  the  villi  which 
grow  from  it.  The  allaptois  forms  the  inner  or  vascular 
layer  of  the  persistent  chorion,  and  the  vascular  matrix  of 
the  villi ;  but  in  some  of  the  Rodentia  the  umbiUcal  vesicle 
reaches  and  remains  in  contact  with  a  limited  portion  of 
the  sub-zonal  membrane,  to  which  it  conveys  connective 
tissue  and  blood-vessels.  The  persistent  chorion,  therefore, 
IS  a  compound  membrane,  produced  secondarily  during 
the  process  of  development  by  the  union  of  the  sub-zonal, 
epiblast  membrane,  from  which  its  epithelial  layer  is 
derived,  with  the  allantois,  from  which  it  derives  its  blood- 
vessels and  connective  tissue ;  and  Like  the  embryo  itself 
it  arises  from  the  layers  of  the  blastoderm. 

The  allantois  undergoes  considerable  modifications  in 
both  size  and  general  disposition  in  the  different  orders 
of  mammals.  In  many  mammals,  as  the  Pachydermata, 
Kuminantia,  Cetacea,  Carnivora,  Pinnipedia,  the  Lemurs, 
and  the  Scaly  Anteaters  (Manis),  the  sac  of  the  allantois 
persists  as  a  distinct  chamber,  and  contains  a  considerable 
quantity  of  allantoic  fluid.  Of  the  opposite  walls  of  the 
sac,  the  one  lines,  to  a  greater  or  Jess  extent,  the  inner 
surface  of  the  permanent  chorion,  which  is  coated  there- 
fore by  the  epithelial  lining  of  the  allantois ;  the  other 
invests,  to  a  greater  or  less  extent,  the  outer  surface  of 
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the  amnion,  which  is  covered  therefore,  in  whole  or  3U 
part  by  the  wall  of  the  sac  of  the  allantois.  As  a  conse- 
quence of  this  arrangement,  the  bag  of  the  amnion  m  these 
mammals  is  altogether,  or  in  great  part,  separated  from  the 
inner  surface  of  the  permanent  chorion. 

So  large  and  persistent  is  the  sac  of  the  allantois  m  the 
ordinary  Kuminantia,  in  the  Camelid^,  Tragulidse,  Soli- 
•peda,  and  cloven-hoofed  Pachydermata,  that  M.  H.  Mdne- 
Edwards  has  grouped  them  together  as  Megallantoids ; 
whilst  he  has  placed  the  Carnivora  and  Pinnipedia,  from 
the  smaUer  size  of  the  sac  of  the  allantois,  in  a  Mesallan- 
toid  legion  of  mammals.    The  Eodentia,  Insectivora,  Chei- 
ropterl,  Quadrumana,  and  Man  are  characterised  by  the 
smaU  size  of  the  sac  of  the  allantois,  or  even  by  its  com- 
plete disappearance  as  an  independent  chamber:  hence 
Milne  Edwards  has  grouped  them  together  in  a  Micrallan- 
toid  legion.    The  disappearance  of  the  allantois  as  a  dis- 
tinct sac  is  correlated  with  the  great  expansion  of  the 
amnion,  and  increase  in  the  amount  of  amniotic  fluid.  As 
the  bag  of  the  amnion  expands  it  grows  outwards  towards 
the  chorion,  and  in  the  Sloths,  the  Apes,  and  the  Human 
Female,  reaches,  and  adheres,  through  the  intermediation 
of  a  gelatinous  connective  tissue,  to  the  inner  surface  of 
that  membrane,  so  that  when  the  chorion  is  cut  through, 
the  amnion  is  at  once  exposed. 

The  chorion  is  the  most  external  of  the  foetal  membranes. 
When  first  formed,  it  is  globular  or  ovoid  in  shape.  In 
uniparous  mammals,  as  the  Sloths,  the  Apes,  and  the 
Human  Female,  where  the  uterus  is  single,  it  preserves, 
with  but  little  alteration,  this  form  throughout  intra-uterine 
life ;  but  in  most  uniparous  mammals,  where  the  uterus 
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possesses  two  horns,  the  chorion  becomes  greatly  elongated, 
and  extends  as  far  as  the  ends  of  both  horns. 

In  the  Human  ovum  all  trace  of  the  zona  pellucida 
has  disappeared  before  the  10th  day,  and  the  secondary 
chorion,  as  Eeichert's  observations  show,  is  then  an  epi- 
theliated  membrane,  with  unbranched  villi  projecting  from, 
but  not  completely  covering,  its  outer  surface.  At  the 
2nd  week  the  chorion  is  covered  with  viUi,  which  at  the 
3rd  week  are  branched,  and  about  the  4th  week  have  ac- 
quired blood-vessels,  from  the  growth  into  them  of  the 
vessels  of  the  allantois.  About  the  6th  week  some  of  the 
viUi  begin  to  atrophy,  and  at  the  end  of  the  2nd  month, 
when  the  ovum  has  attained  the  size  of  a  hen's  egg,  the 
villi  have  disappeared  from  one  pole,  and  are  arranged 
over  a  discoid  surface,  which  represents  the  placental  area 
throughout  the  remaining  period  of  gestation.  In  the 
mature  placenta  the  villi  are  very  arborescent,  and  extend 
from  the  chorionic  to  the  decidual  surface  ;  the  terminal 
branches,  which  lie  next  the  decidua,  being  attached 
to  the  placental  surface  of  that  membrane.  The  chorion 
and  the  basis  substance  of  each  villus  are  formed  of  a  gela- 
tinous connective  tissue  continuous  with  a  similar  tissue 
in  the  umbilical  cord.  In  it  the  branches  of  the  umbilical 
vessels  ramify,  and  the  capillaries  form  simple  or  some- 
times double  loops  in  the  collateral  terminal  branches  of 
the  villi.  Each  viUus  is  invested  by  a  layer  of  cells,  which 
have  been  recognised  by  anatomists  since  Dalrymple  figured 
them  upwards  of  thirty  years  ago,  and  to  which  Goodsir 
gave  the  name  of  the  external  cells  of  the  villus.  These 
cells  are  somewhat  flattened,  though  not  squamous,  are 
rectangular  in  outline,  and  closely  applied  to  each  other 
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by  tteir  margins,  so  that  they  form  a  continuous  layer. 
Tills  layer  of  cells  can  be  peeled  off  the  villus,  and  be- 
longs, as  was  stated  by  Goodsir,  to  the  cellular  structure 
of  the  decidua,  which  has  become  adherent  to  the  villi  in 
the  course  of  the  development  of  the  placenta. 

The  Maternal  Placenta  is  formed  by  a  special  modi- 
fication of  the  uterine  mucous  membrane. 

When  the  fertilised  ovum  is  received  into  the  cavity  of 
the  uterus  the  mucosa  undergoes  important  changes.  It 
swells  up,  becomes  thicker,  softer,  and  more  vascular.  Its 
epithelial  covering  loses  its  columnar  form;  its  glands 
enlarge,  and  their  orifices  become  more  distinct ;  the  inter- 
glandular  tissue  increases  largely  and  rapidly  in  quantity, 
by  a  multiplication,  not  only  of  the  cells  of  the  surface- 
epithelium,  but  by  a  proliferation  of  the  corpuscles  of  the 
sub-epithelial  connective  tissue,  so  that  the  glands  are 
separated  from  each  other  by  a  much  greater  amount  of 
interglandular  tissue  than  in  the  non-gravid  state  ;  the 
blood-vessels  not  only  increase  in  numbers  but  in  size. 
At  the  same  time  the  free  surface  of  the  modified  mucosa 
becomes  divided  into  a  number  of  irregular  areas  by  fur- 
rows, and  on  the  free  surface  of  these  areas,  more  espe- 
cially near  the  furrows,  the  mouths  of  the  utricular  glands 
may  be  seen  to  open  in  considerable  numbers.    The  modi- 
fied mucosa  constitutes  the  decidua  vera  or  vtcrina. 

The  fertilized  ovum  attaches  itself  to  the  surface  of  one 
of  these  areas ;  and  the  decidua,  immediately  surrounding 
the  place  of  attachment,  grows  around  the  ovum  so  as  to 
enclose  it  and  to  form  the  decidua  reflexa  or  decidua  ovuli; 
the  place  of  junction  of  the  decidua,  growing  up  from 
opposite  sides  of  the  attached  border  of  the  ovum,  being 
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marked  by  a  pellucid  spot  named  the  umbilicus  or  scar. 
The  ovum  is  thus  enclosed  in  a  distinct  chamber,  the 
oidgerous  or  ovular  chamher,  and  the  decidua  reflexa  shuts 
off  the  ovum  from  the  general  cavity  of  the  uterus.  The 
free  surface  of  the  decidua  reflexa,  except  at  and  close  to 
the  scar,  is  perforated  by  the  mouths  of  the  enlarged  utri- 
cular glands.  Dilated  veins  continuous  with  those  in  the 
decidua  uteri  are  prolonged  into  the  decidua  reflexa. 

The  portion  of  the  decidua  uterina,  forming  the  surface 
of  the  area  to  vs^hich  the  ovum  becomes  attached,  under- 
goes a  great  development,  forms  the  maternal  part  of  the 
placenta,  and  is  named  the  decidua  placentalis  or  the 
decidua  serotina.  In  two  specimens  which  I  examined  at 
about  the  3rd  or  4th  week  of  utero-gestation,  I  found  the 
surface  of  the  decidua  serotina  next  the  ovular  chamber  to 
be  subdivided  into  shallow  irregular  spaces,  occupied  by 
the  vUli  of  the  chorion.  The  decidua  was  nearly  j^ths  inch 
in  thickness,  and  had  a  loose  spongy  appearance.  On 
making  vertical  sections  it  was  seen  to  contain  numerous 
cells,  some  of  which  were  polygonal,  others  rounded,  and  of 
large  size,  and  with  large  nuclei  ;  others  were  caudate, 
and  between  the  cells  was  a  delicately  fibrillafced  connective 
tissue.  Amidst  this  cellulated  tissue  numerous  dilated 
vessels  were  also  seen  in  section,  many  of  which  were 
entirely,  or  to  a  large  extent,  filled  with  blood  corpuscles. 
These  dilated  vessels  were  neither  arteries  nor  veins,  but 
dilated  capillaries,  for  they  possessed  merely  a  simple 
cellular  wall,  fused  with  that  of  the  tissue  in  which  they 
were  situated.  At  this  early  period  of  gestation,  therefore, 
the  capillaries  of  the  uterine  mucosa  in  the  placental  area 
exhibited  a  sinus-like  dUatation.    Here  and  there  an  utri- 
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cular  gland  miglit  be  seen  either  longitudinally  or  trans- 
versely divided,  but  the  number  of  glands  in  a  given  area 
was  much  fewer  than  in  the  non-impregnated  mucosa,  so 
that  the  increase  in  area  of  the  decidna  was  obviously  due 
to  a  great  increase  in  the  amount  of  interglaudular  connec 
tive  issue. 

The  villi  of  the  chorion  were  intimately  adherent  to^boj^h 
the  surface  of  the  decidua  reflexa  and  the  serotina  forming 
the  waU  of  the  ovular  chamber.  This  adhesion  was  due  to 
an  up-growth  of  the  decidua  between  and  surrounding  the 
villi,  so  that  the  fixing  and  interlocking  of  the  foetal  and 
maternal  structure  seem  to  be  due  to  a  coincident  growth 
both  of  villi  and  decidua,  whereby  the  villi,  even  at  this 
early  stage  of  placental  development,  are  ensheathed  by  the 
cell  structures  of  the  decidua. 

It  has  been  customary  for  anatomists  to  state  that  the 
attachment  of  the  villi  to  the  decidua,  not  only  in  the 
human  placenta,  but  in  placentas  generally,  is  due  to 
the  penetration  of  the  villi  into  the  tubes  of  the  dilated 
utricular  glands.    The  researches  made  by  Ercolani  and 
by  myself,  during  the  last  few  years,  on  the  various  forms 
of  placenta  in  different  groups  of  mammals,  have  however 
shown  that  the  villi  are  not  lodged  in  these  glands,  but  are 
received  in  crypt-like  depressions  on  the  surface  of  the 
mucous  membrane,  formed  during  gestation  by  a  hyper- 
trophy and  folding  of  the  mucous  surface.  For  not  only  are 
the  glands  much  fewer  in  number  than  the  villi  and  the 
crypts  which  contain  the  villi,  but  in  many  mammals,  as 
the  pig,  the  mare,  the  lemurs,  and  the  true  ruminants,  the 
glands  can  be  seen  to  open  on  the  free  surface  of  the  uterine 
mucous  membrane  in  areas  quite  distinct  from  the  crypts. 

3  K 
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This  arrangement  applies  also  to  the  human  placenta ; 
for  the  utricular  glands,  which  open,  on  the  free  surface  of 
the  decidua  serotina,  into  the  ovular  chamber,  are  much 
fewer  than  the  villi  of  the  chorion  attached  to  that  surface 
of  the  chamber ;  whilst  the  uterine  glands  in  the  decidua 
reflexa  open  on  that  surface  of  the  decidua  which  is  next 
the  general  cavity  of  the  uterus.  The  up-growths  of  the 
decidua  around  the  villi  of  the  human  chorion  are  com- 
parable therefore  with  the  foldings  of  the  uterine  mucosa, 
which  in  the  cat,  pig,  cow,  and  other  mammals  constitute 
the  walls  of  the  crypts  in  which  the  villi  are  lodged. 

But  the  interlocking  of  the  foetal  and  maternal  parts 
of  the  human  placenta  may  be  advantageously  studied  at 
a  later  stage  of  development.  About  the  5th  months  when 
the  decidua  reflexa  and  the  villi  connected  with  the  non- 
placental  area  of  the  chorion  have  atrophied,  whilst  the 
villi  in  the  placental  area  have  undergone  a  great  increase, 
both  in  length  and  in  the  number  of  branches,  the  placenta 
has  then  assumed  a  definite  discoid  form.  Well-marked 
bars  or  dissepiments  of  decidua  serotina  pass  through  the 
thickness  of  the  placenta  as  far  as  the  chorion,  and  divide 
it  into  lobes  or  cotyledons.  Numbers  of  more  slender 
decidual  bands  pass  into  the  substance  of  each  lobe,  partly 
from  the  surfaces  of  the  dissepiments,  and  partly  from  the 
general  surface  of  the  serotina  between  the  dissepiments. 
These  bands  give  rise  to  still  more  delicate  ofiishoots,  which 
form  a  microscopic  intraplacental  trabecular  arrangement 
in  the  interspaces  of  which  the  villi  are  lodged.  These 
intraplacental  prolongations  of  the  decidua  are  applied  to 
the  stems  and  branches  of  the  chorionic  villi,  and  the  inter- 
spaces containing  the  villi  are  comparable  to  the  cavities 
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of  the  crypts  in  the  placenta  of  the  pig,  fox,  bitch,  steep, 

and  other  mammals. 

The  bands  of  decidua  principaUy  consist  of  large,  dis- 
tinctly nucleated,  rounded  or  polygonal  cells,  lying  xn  a 
delicately  fibriUated  connective  tissue.    The  more  slender 
offshoots  contain,  at  their  origin,  similar  cells,  but  to  a  large 
extent  are  made  up  of  delicate  fibriUated  connective  tissue 
containing  scattered  corpuscles.    Altbougb  this  tissue  is 
often  in  close  apposition  to  the  vUli,  it  may  be  separated 
from  it  by  appreciable  intervals,  and,  from  its  extreme 
delicacy,  bas  the  appearance  as  if  it  were  being  so  attenu- 
ated by  the  growth  and  expansion  of  tbe  placenta,  that  it 
is  undergoing  atrophy.    The  maternal  blood-vessels,  tbe 
capillaries  of  which,  as  already  stated,  have  dilated  mto 
sinuses,  are  also  prolonged  into  the  placenta,  along  with 
the  ceUular  structures  of  the  decidua  serotina,  so  that  tbe 
dilated  vessels  of  the  modified  uterine  mucous  membrane 
are  brought  into  relation  with  the  vascular  villi  of  the 
foetal  chorion. 

In  the  placenta,  at  and  near  the  full  time,  the  growth 
and  expansion  of  the  organ  have  made  so  great  an  ad- 
vance, that  the  original  relations  of  its  foetal  and  maternal 
constituents  have  become  greatly  modified,  so  that  some 
observers  have  questioned,  though  erroneously,  if  maternal 
structures  enter  at  all  into  its  internal  construction. 

The  Mature  Placenta  presents  the  appearance  of  a  disc- 
shaped spongy  cake,  from  7  to  9  inches  in  diameter,  and 
about  1  inch  thick  about  its  centre,  where  the  umbilical 
cord  is  continuous  with  its  chorionic  surface ;  towards  its 
circumference  it  is  always  somewhat  thinner.  Its  inner  or 
chorionic  surface  shows  the  ramifications  of  the  umbilical 
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vessels,  and  is  closely  covered  on  its  foetal  side  by  .the 
amnion,  whilst  from  its  placental  side  multitudes  of  arbor- 
escent vascular  villi  arise.  Some  of  these  vilH  are  com- 
paratively short,  but  the  greater  number  are  so  long  that 
their  terminal  branches  reach,  and  are  often  attached  to, 
the  iDlacental  surface  of  the  decidua  serotina. 

The  outer,  attached  or  uterine  surface  of  the  placenta, 
is  formed  by  the  placental  decidua,  decidua  serotina,  or 
modified  uterine  mucosa  of  the  placental  area.  The  pla- 
cental decidua  is  continuous  at  the  margin  of  the  placenta 
with  the  decidua  vera,  and  it  usually  turns  over  the 
border  of  the  placenta  on  its  chorionic  surface,  and  forms 
a  more  or  less  strongly  marked  band  extending  around  its 
circumference.  When  separated  from  the  uterus  the  outer 
surface  is  seen  to  be  covered  by  a  layer  of  the  decidua  sero- 
tina, which  presents  a  flocculent  appearance  where  it  has 
been  torn  awa,y  from  the  uterine  wall.  It  is  marked  by 
furrows,  and  bands  of  the  decidua  pass  into  the  substance 
of  the  placenta  at  these  furrows,  and  extend  through  its 
substance  up  to  the  chorion,  so  as  to  divide  it  into  lobes 
or  cotyledons.  As  these  inter-lobular  dissepiments  are  often 
imperfect,  the  lobes  are  not  completely  shut  oflF  from  each 
other.  Slender  processes  of  the  decidua  serotina  proceed 
both  from  the  surface  of  the  dissepiments,  and  from  the 
placental  surface  of  the  serotina  generally,  into  the  interior 
of  the  lobes,  but  they  can  only  be  traced  for  a  short  dis- 
tance, as  they  do  not  form  a  continuous  framework  of 
maternal  tissue,  such  as  exists  in  the  placenta  at  the  fifth 
month.  Delicate  threads  of  decidua  may,  however,  occa- 
sionally be  seen  passing  between  the  villi,  and  connecting 
them  not  only  with  each  other,  but  with  the  decidual  dis- 
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sepiments,  or  witt  tlie  general  surface  of  the  serotma. 
These  threads  are  without  question  the  remains  of  that 
intra-placental  arrangement  of  decidua,  occurring  so  abun- 
dantly at  the  fifth  month,  but  which  has  become  attenuated 
and  atrophied,  in  the  fully  formed  placenta,  in  correlation 
with  the  great  expansion  of  the  intra-placental  maternal 
sinus  system. 

A  number  of  peculiarly  tortuous  arteries,  continuous 
with  the  convoluted  uterine  arteries  in  the  muscular  wall, 
and  named  the  curlmg  arteries  of  the  placenta,  pierce  the 
decidua  serotina,  and  open  on  its  placental  surface  by 
obliquely  directed  mouths  situated  between  the  terminal 
branches  of  the  villi  attached  to  the  decidua  serotina.  The 
decidua  serotina  is  also  traversed  by  dilated  utero-placental 
which  communicate  with  the  venous  sinuses  in  the 
•muscular  wall  of  the  uterus.    The  utero-placental  veins 
form  in  the  decidua  serotina  a  system  of  intercommunicat- 
ing sinuses.    Some  of  these  veins  are  prolonged  into  the 
decidual  dissepiments  between  the  placental  lobes ;  others 
lie  in  the  thickened  border  of  the  decidua  surrounding  the 
circumference  of  the  placenta,  where  they  form  the  so- 
called  circular  sinus  of  the  placenta.   Not  only  the  circum- 
ferential, but  the  other  utero-placental  veins  freely  com- 
municate with  the  interior  of  the  placenta,  but  their  mode 
of  opening  into  it  is  peculiar.    Instead  of  possessing  large 
patent  mouths,  the  wall  of  the  vein,  where  it  lies  in  relation 
to  the  interior  of  the  placenta,  is  perforated  by  one  or 
more  smaU  apertures,  so  that  it  possesses  a  cribriform 
appearance ;  and  not  unfrequently  a  terminal  ofifshoot  of  a 
placental  viUus  may  be  seen  to  protrude  through  one  of  these 
small  holes  in  the  venous  coat  into  the  lumen  of  the  vein. 
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Ifc  is  clear,  therefore,  that  the  curling  arteries  and  utero- 
placental veins  open  into  the  interior  of  the  placenta,  so 
that  a  stream  of  maternal  blood  flows  through  the  placenta 
in  its  passage  from  the  curling  arteries  to  the  utero- 
placental veins. 

In  a  placenta  still  attached  to  the  uterus,  the  spaces 
in  its  interior,  through  which  the  maternal  blood  cir- 
culates, may  be  injected  either  from  the  uterine  arteries 
or  veins ;  and  in  a  separated  placenta,  if  an  injecting 


Fig.  235.— Diagram  of  the  minute  structure  of  ttie  Human  Placenta.  F,  tlie 
fcetal  placenta  represented  by  V,  a  chorionic  villus;  rf,  the  foetal  capillaries 
within  the  villus;  e',  the  cellular  investment  of  the  villus  derived  from  the 
decidua  serotina;  M,  the  maternal  placenta;  ds,  ds,  the  cells  of  tlie  decidua 
serotina  ;  /,  t,  trabecula;  or  slender  offshoots  of  the  serotina  passing  to  the  foetal 
villus;  c«,  curling  artery:  up,  utero-placental  vein;  d'.  the  shaded  space  to  re- 
present the  intra-pliicental  maternal  sinus  system  ;  x,  a  thin  layer  superficial  to 
the  cellular  investment  of  the  villus  to  represent  tlie  wall  of  the  maternal  sinus 
vessel. 


pipe  be  introduced  into  one  of  the  lobes  of  the  organ, 
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the  utero-placental  veins  may  be  injected  from  it.  The 
spaces  in  the  interior  of  the  placenta  for  the  transmis- 
sion of  the  maternal  blood  have  been  variously  termed  the 
cavernous  spaces,  the  placental  sinuses  or  lacunae,  the  cells 
of  the  placenta,  the  interviUal  spaces,  and  the  placental 
bag  or  sac;  they  freely  communicate  with  each  other, 
not  only  in  the  same  lobe,  but  in  adjacent  lobes,  through 
imperfections  in  the  interlobular  dissepiments.  These 
spaces  belong  to  the  maternal  vascular  system,  and  they 
are  obviously  an  expansion  of  the  dilated  capillaries  to  be 
seen  in  the  decidua  serotina  as  early  as  the  first  month  of 
gestation.    Owing  to  the  expansion  of  the  intra-placental 
maternal  capillaries  into  these  irregular  sinuses,  a  thinning 
and  expansion  of  the  vascular  wall  has  at  the  same  time 
taken  place,  so  that  it  cannot,  as  a  rule,  be  recognised  as  a 
distinct  layer  bounding  the  maternal  sinus  ;  but  one  may 
sometimes  see  a  layer  of  great  delicacy  on  the  exterior  of 
the  villus,  between  its  cellular  covering,  already  described, 
and  the  maternal  blood  space,  which  from  its  position 
represents  the  wall  of  the  intra-placental  maternal  vessels. 

As  to  the  cellular  investment  of  the  villus,  at  first  sight 
it  may  appear  to  be  only  its  proper  epithelial  covering 
derived  from  the  outer  epithelial  layer  of  the  chorion.  But 
the  cells  are  not  squamous ;  they  differ  therefore  from  the 
epithelial  covering  of  the  chorion,  and  can  readily  be 
stripped  off  the  villi.    I  am  of  opinion  that  they  are  de- 
rived from  the  intra-placental  prolongations  of  the  decidua. 
Through  the  expansion  of  the  maternal  sinuses,  the  cells  of 
the  decidua,  situated  superficially  to  the  dilated  capillaries, 
have  been  pressed  so  closely  to  the  villi  as  to  become  incor- 
porated with  them,  and  apparently  to  form  a  part  of  their 
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texture.  This  opinion  is  based  not  only  on  the  examination 
of  the  human  placenta,  but  on  the  study  of  the  comparative 
anatomy  of  the  organ  in  a  considerable  number  of  mammals. 
For  in  every  case  a  layer  of  maternal  epithelium,  derived 
from  the  uterine  mucosa,  was  found  interposed  between  the 
foetal  vessels  of  the  chorionic  villi  and  the  vessels  of  the 
maternal  part  of  the  placenta ;  whether  the  maternal  vessels 
were  simple  capillaries,  as  in  the  diffused  and  cotyledonary 
forms  of  placenta,  or  dilated  capillaries,  as  in  the  zonary 
placenta,  the  dome-shaped  placenta  of  the  sloth,  or  the 
discoid  placenta  of  the  ape  and  the  human  female. 

As  regards  the  function  of  this  layer  of  epithelium 
throughout  the  placental  series,  I  agree  with  Ercolani  in 
regarding  it  as  a  secreting  epithelium,  which  separates  and 
prepares  from  the  maternal  blood  a  secretion,  to  be 
absorbed  by  the  vessels  of  the  choiionic  villi,  and  applied 
to  the  nutrition  of  the  foetus.  The  passage  of  material 
from  the  maternal  to  the  foetal  system  of  vessels  is  not 
a  simple  percolation  or  diffusion  through  their  walls,  but 
is  occasioned  by  the  action  of  cells.  The  placenta,  both 
in  its  function  and  in  the  relative  arrangement  of  its 
constituent  textures,  is  therefore  a  specially  modified 
secreting  gland,  the  excretory  apparatus  of  which  is 
represented,  not  by  a  system  of  ducts,  but  by  the  blood- 
vessels of  the  foetal  villi. 
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Arteries,  description  of— 

auricular,     .      .      .  467 
axillary,       .       .  .441 
azygos  articular,   .      .  488 
basilar,         .       .       .  430 
braoliial,       .       .       .  444 
bronchial,     .       .    422,  640 
buccal,  ....  468 
of  the  bulb,  .      .      .  488 
calcaneal,      .       .       .  482 
capsular,       .       .       .  428 
centralis  retinte,    .       .  460 
choroid,        .      .       .  460 
ciliary,  .       .       .  .460 
circle  of  Willis,     .       .  462 
clavicular  thoracic,       .  443 
coccygeal,     .       .  .490 
cofiliac  axis,   .       .       .  423 
collateral,      .       .  .414 
communicating,    .       .  483 
common  carotid,   .       .  456 
common  iliac,       .  .471 
comes  nervi  ischiatici,  .  490 
coronary  branches,     421,  466 
coronaria  ventriculi,      .  423 
cranial,  ....  467 
crico-thyroid,       .       .  464 
curling,       .       .  .877 
cutaneous,     .    476,  480,  485 
deep  cervical,       .       .  440 
deep  circumflex  iliac,    .  473 
deep  epigastric,     .       .  472 

■  descending  palatine,     .  469 
descending  thoracic  aona, 

417,  418 

digital,  .  .  .  450,  485 
dorsal,  .  .  .  .489 
dorsal  artery  of  the  foot,  481 
dorsal  branch  for  index,  452 
dorsal  branch  for  thumb,  452 
dorsalis  hallucis,  .  .  482 
dorsal  interosseous,  .  452 
dorsalis  linguae,  .  .  465 
external  carotid,    .       .  463 

■  external  circumflex,  .  477 
external  iliac,  .  .  472 
external  malleolar,  .  481 
external  plantar,  .  .  483 
extra-peritoneal  plexus,  432 
extra  pleural  plexus,  .  433 
facial,  ....  465 
femoral,  .  .  .  473 
first  digital,  .  .  .482 
frontal,  .      .  .    460  | 
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gastro-duodenal,  .  .  425 
glandular,  .  .  .466 
gluteal,  .  .  .498 
hepatic,  .  .  424,  734 
humeral  thoracic,  .  .  443 
hyoid,  .  .  .  .463 
hypogastric,  .  .  .486 
ileo-colic,  .  .  .  426 
iliac,  .  .  .  .487 
ilio-lumbar,  .  .  ■  .  487 
inferior  dental,  .  .  468 
inferior  cerebellar,  .  438 
inferior  external  articular,  480 
inferior  hsemorrhoidal,  .  488 
inferior  internal  articular,  479 
inferior  labial,  .  .  466 
inferior  mesenteric,  .  426 
inferior  muscular  or  sural,  479 
inferior  pancreatico-duo- 

denal,  .  .  .425 
infra-orbital,  .  .  .469 
inosculation  or  anasto- 

fnosis,       .       .  ,415 
intercostal,    .      .      .  428 
internal  carotid,    .       .  458 
internal  circumflex,       .  477 
internal  iliac,        .       .  485 
internal  malleolar,        .  481 
internal  mammary,       .  439 
internal  maxillary,       .  467 
internal  plantar,    .       .  483 
internal  or  deep  pudic,  .  488 
inferior  profunda,  .       .  446 
iaferior  thyroid,    .       .  438 
inferior  vesical,     .       .  487 
interosseous,  .       .    447,  481 
intestinal,     .       .       .  425 
lachrymal,     .       .       .  460 
laryngeal,      .       .       .  438 
lateral  nasal,        .       .  466 
lateral  sacral,        .      .  487 
left  colic,       .       .  .426 
left  coronary,        .       .  422 
left  gastro-epiploic,       .  425 
left  pulmonary,    .  .416 
liogual,  ....  465 
long  thoracic,       .      .  443 
lumbar,.       .       .    429,  487 
magna  pollicis,      .       .  453 
marginal,      .      .    481,  485 
masseteric,    .      .      .  468 
median, ....  448 
mediastinal,  .      .      .  439 
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Arteriea,  description  of— 

meniBgeal,  .  438,  467,  460 
mental,  .  .  •  -468 
metatarsal,  .  .  •  481 
middle  cerebral,  .  .  460 
middle  colic,  .  .  .426 
middle  liiEmorrlioidal,  .  487 
middle  sacral,  .  417,  430 
muscular,  437,  445,  448, 

460,  476,  481,  482,  483,  484 
musculo-plirenic, .  .  439,  440 
nasal,  .  .  .  .460 
nutrient,  446,  448  ,"-477, 

482,  483,  487 
obturator,  .  .  .490 
occipital,  .  .  466,  467 
(esophageal,  .  .  423,  438 
ophthalmic,  .  .  .460 
ovarian,  .  .  428,  831 
palmar  interossei,  .  .  454 
palpebral,  .  .  .460 
pancreatic,  .  .  .  425 
parietal  branches  of  aorta,  428 
pectoral  thoracic,  .  .  443 
pericardial,  .  .  ■  423 
perforating,  438,  439,  454, 

460,  477 

peroneal,  .  .  .  483 
phrenic,  .  .  .  430 
plantar  arterial  arch,  .  484 
popliteal,  .  .  .  478 
posterior  auricular,  .  467 
posterior  cerebral,  .  438 
posterior  circumflex,  .  443 
posterior  commimicating,  462 
posterior  facial,  .  .  466 
posterior  interosseous,  .  448 
posterior  interosseous 

recurrent,  .       .       .  448 
posterior  perforating,    .  485 
posterior  radial  carpal,  452 
posterior  scapular,        .  439 
posterior  spinal,    .       .  437 
posterior  tibial,     .       .  482 
posterior  ulnar  carpal,  .  448 
jjosterior  ulnar  recuiTent,  447 
princeps  cervicis,  .      .  467 
profimda  or  deep  femo- 
ral,   .      ,      ,    449,  476 
pterygoid,     .      .  .468 
pterygo-palatine,  .       .  469 
pulmonary,  .       .    404,  639 
pulmonary  group  of  ar- 
teries,      ,      .      ,  416 


Arteries,  description  of 
pyloric, 
radial, 

radialis  indicis, 
radial  recurrent,  , 
ranine. 


PAGE 

425 
451 
454 
452 
.  465 


recurrent,     .       .    450,  454 
recurrent  tibial  articular,  481 
renal,    .       .       .428,  787 
right  colic,    .       .      .  426 
right  coronary,     .       .  421 
right  gastro-epiploic,    .  425 
right  pulmonary,  .       .  416 
sciatic,         .       .  .490 
second  digital,      .      ■  482 
septal    .       .       .  .466 
short  thoracic,      .       .  441 
sigmoid,       .      .       •  426 
spermatic,   '  .       .    428,  805 
spheno-palatine,    .      .  469 
spinal,  .      .      .    437,  438 
splenic,        .       .    425,  560 
sterno-mastoid,     .       .  463 
stylo-mastoid       .       .  467 
sub-clavian,  .       .       .  435 
sub-lingual,  .       .       ."  465 
sub-mental,  .       .       .  466 
sub-scapular,'      .       •  443 
superficial  cervical,      .  439 
superficial  circumflex 
iliac,         .       .  • 
superficial  epigastric     .  476 
superficial    palmar  ar- 
terial arch,       .       .  446 
superficial  perineal,    488,  489 
superficial  pudic,  .  476 

superficial  volar,  .  .  452 
superior  cerebellar,  .  438 
superior  dental,  .  .  469 
superior  epigastric,  .  439 
superior  external  arti- 
cular, .  .  .  479 
superior  hsemorrhoidal,  426 
superior  intercostal,  .  440 
superior   internal  arti- 

ciilar,  .  .  .  479 
superior  laryngeal,  .  464 
superior  maxillary,  .  .  469 
superior  mesenteric,  .  425 
superior  muscular,  .  479 
superior  pancreatico- 
duodenal, .  .  425 
superior  profunda,  .  445 
superior  thyroid,  .      .  463 
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Arteries,  description  of—  . 

superior  vesical    .      .  487 
supra-orbital,       .      .  460 
supra-scapular      .      .  438 
tarsal,         .      .       .  481 
temporal,     .      .    469,  467 
terminal       .      .    414,  478 
thoracic  axis,       .       .  441 
thyroid  axis,        .       .  438 
thyroi  dea  ima,     .      .  569 
tonsillar,       .       .       .  466 
transverse,    .       .    438,  477 
transvcrsalis  colli,  .       .  438 
transverse  facial,  .       .  407 
transverse  perineal,      .  488 
tympanic,      .      .    468,  459 
ulnar,    .      .      .  .446 
umbilical,     .      .    486,  867 
uterine,       ,      .    487,  845 
vaginal,       .      .  .487 
vasa  brevia,         .       .  425 
vasa  vasorum,      .      .  433 
vertebral,     .       .      .  437 
vesico-prostatic,    .      .  487 
vidian,  ....  469 
visceral  branches  of  the 
aorta,        .       .       .  421 
Arterioles,    ....  496 
Articulations,      ...  63 
Aryteno-epiglottidean  folds,  591 
Arytenoid  cartilages,    .       .  592 
Atlantal,      .       .       .       ,  6 
Auditory  cells,    .       .       .  367 
Aiu-icle,       ....  358 
Auriculo-ventricular  rings,  .  407 
Auricular  septum,       .       .  401 

Axial,  6 

Axial  cylinder,  .  .  .  194 
Axial  cylinder  process  of 

nerve  fibre,  .  .  .  202 
Axial  skeleton,  .  .  .910 
Axillary,  ....  613 
AxiUary  lymph-glands,       .  634 

Bacillary  layer,.  .      .  .  343 

,Ball  and  socket  joint,  .  .  68 

Bartliolini,  glands  of,  .  .  850 

Bicuspid  valve,    .       .  .  406 

Bile  capillaries,    .       .  .  738 

Bile  duct,  .  .  .  .737 
Bioplasm,    ....  114 

Bipolar  nerve  cells,      .  .198 

Bladder,      .      .       .  .793 

„     false  ligaments  of,  .  794 


Bladder,  true  ligaments  of, 

,,  structure  of. 
Blastodermic  vesicle. 
Blood,  . 

Blood  capillaries,  . 
Blood-lymph  vascular  glands, 
Blood  vascular  glands, 
Blood  vascular  system. 
Blood  vessels, 
Bone  corpuscles,  . 
Bones,  description 'of, 

astragalus, 

atlas, 

axis, 

bones  of  Bertin, 
calcaneum, 
carpus,  bones  of, 
clavicle, 
coccyx, 
cuboid, 
cuneiform, 
ethmoid, 
femur, 
fibula, 

foot,  bones  of, 
frontal, 

hand,  bones  of, 
humerus, 
hyoid,  . 
ilium,  . 
incus,  . 
inferior  maxilla, 
inferior'tui'binated 
intei-parietal, 
ischium, 
lachrymal, 
malar,  . 
malleus, 
mes-ethmoid, 
metacarpus,  l»ones  of, 
metatarsus,  bones  of, 
nasal,  . 
occipital, 
OS  innominatum, 
OS  intermedium, 
OS  magnum 
palate, 
parietal, 
patella, 
pelvis, 
phalanges, 
pisiform, 
pubis, 
radius, 
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Bones,  description  of — 
ribs, 
sacrum, 

scaphoid  of  carpus, 
tarsus, 

scapula, 

semilunar, 

sphenoid, 

stapes, 

sternum, 

superior  maxiUa, 

tarsus,  bones  of, 

tibia, 

temporal, 

trapezoid, 

trapezium,  . 

ulna, 

■unciform, 

vertebrae, 

vertebra  prominens 

vomer,  . 
Bowman's  capsule, 
Brachium,  . 
Brain,  . 

Branchial  arches, 
Bronchi, 

Bronchial  artery,  . 
„  glands, 
„       tubes,  . 

Bnmner  s  glands. 
Buccal  glands, 
Budding  of  cells,  . 
Bidb  of  vestibule. 


Calamus  scriptorius, 
Canalis  reuniens,  . 
Canine  teeth. 
Capillary  veins,  . 
Cardiac  region,  . 
Cartilaginous  tissue. 
Cartilages  of  larynx, 
Cartilago  triticea, 
Carunculce  myrtiformes, 
Cavernousi  sinuses, 
Cellular  cartilage, 
Cell  wall,  . 

Cells,  general  consideration  of,  112 
Cells  imbedded  in  solid  tissue,  142 
Cells  suspended  in  fluids,  .  121 
Cement,  .  .  •  .755 
Central  canal,  .  .  212,  224 
Centrifugal  nerves,  .  .  190 
Central  lobe  of  cerebrum,    .  269 
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42,  60 
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31,  58 
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.  245 
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.  616 
.  640 
.  536 
.  634 
.  641 
.  706 
.  653 
.  118 
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260 
370 
748 
563 
613 
155 
588 
589 
848 
217 
156 
115 


Cerebellum,  .  •  •  '  o«t 
Cerebrum,  .  •  '  .  '  i^n 
Cerebro-spinal  nervous  axis,  ZL^ 
„  .  »  system,  210 
Cliorda  dorsalis. 
Choroid  coat, 

plexuses 
Chordae  tendinese, . 
Chyle,  .      .      .  • 
Ch  yle  vessels, 
Ciliated  epithelium,  . 
Ciliary  processes,  . 
Circulation  of  the  blood, 
Circulus  arteriosus, 

iridis  minor,  . 
Claustral  layer,  . 
Clitoris, 
Cloaca, 

Coccygeal  body,  . 
Cochlea, 
CcumcB, 

Concentric  corpuscles 

thymus,  . 
Concha, 

Condyles  of  femur, 
„     of  humerus, 
„     of  lower  jaw. 
Colourless  corpuscles, 
Columnar  epithelium, 
Columnee  earner. 
Common  bile  duct. 
Connective  tissue, 
Conjunctiva, 
Contractile  fibro-cells, 
Conus  arteriosus,  . 
Coracoid, 
Corium, 
Cornea, 

,,  corpuscles, 
Cornicula  laryngis, 
Corona  radiata. 
Corpora  albicantia, 
„  bigemina, 
,,  quadngemina. 
Corpus  Arantii,  . 
callosum,  . 
„  ciliare, 

dentatum, . 
„     striatum,  . 
Corpuscles  of  Purkinje, 
Cranial  nerves. 
Cranium, 

Crico-thyroid  membrane, 
Crista  acoustica, 


.     54,  211 

335 

215,  261,  275 
.  405 
.  128 
.  530 
.  134 
.    329,  335 
.  394 
.  338 
.  339 
.  284 
.  850 
.   776,  857 
.    316,  430 
.  368 
.  776 

of 

.  566 
.  358 
.  50 
.  40 
.  33 
.  123 
.  133 
.  402 
.  742 
.  142 
.  354 
.  179 
.  404 
39,  60 
.  131 
.    329,  330 
.  331 
.  592 
.  289 
213,  262,  277 
.  .213 
213 
404 
261 
335 
256 
214 
259 
300 
20 
590 
367 


214, 
251. 


886 


INDEX. 


PAGE 

Cnira  cerebri,      .  .  213,  262 

Crusta,        .    ■  .  .  .  '  290 

Crystalline  lens,  .  .  329,  348 

Cuneiform  cartilages,  .  .  593 

Ciiticle,       .      .  .  .382 

Cutis  anserina,     .  .  .  390 

„    vera,   .      .  .  '.  384 

Cytode,       .      .  .  .  n 

Cyto-blastema,    .  .  .  112 

Decidua  reflexa,  .      .  872 

„      serotina,        .       .  872 
„     uterina,         .      .  871 
„     vera,      .      .  .871 
Decussation  of  pyramids,     .  245 
Dentine,      ....  751 
Dentition,  formula  of  per- 
manent,   ....  747 
Dentinal  fibrils,    .      .  .753 
Development     of  vascular 

system,     .       .       .  .576 
Diaplasmatic  network,        .  545 
Diartbrosis,         ...  62 
Diastema,    ....  745 
Digestive   system,  develop- 
ment of,    .       .      .      .  773 
Dipbyodont,        .       .  .745 
Diverticulum  ilei,        .       .  700 
Dolicocepbalic,     ...  34 
Dorsal,        ....  6 
,,    aortic  roots,     .  .579 
„    groove,    .      .  .210 
Douglas,  jDoucb  of,       .       .  841 
Ductless  glands,  .       .    554,  585 
,,      venosus,        .       .  741 
Ductus  arteriosus,       .       .  581 
,,      cocblearis,       .       .  366 
Ductus  vestibuli,         .       .  366 
Ducts  of  Rivinus,        .      .  656 
Duodenum,         .       .    698,  775 
Dura  mater,        .       .  .216 
Duvemey,  glands  ot;    .       .  850 

Ear,  358 

Elastic  tissue,  .  .  .147 
Eminentia  collateralis,  .  215 
Enamel,  ....  754 
Encephalon,  .  .  .  245 
End-bulb,  .  .  .  .205 
Endo-cardium,     .       .       .  400 


Endogenous  cell  production,  118 
Endolymph,  .  .  .367 
Endosteum,  ....  168 
Endothelium,      .      ,  .138 


Epactal  cartilages,  .  .  ''32.3 

Epicardium,        .  .  .  397 

Epiblast,  '    .      .  '.210,  862 

Epididymis,  .  .  806,  808 
Epidermis,   ....  382 

Epiglottis,    .       .  .  .591 

Epithelium^         .  .  .103 

Erect  position  of  man,  .  4 

Eustachian  tube,  .  .  361 

Eustachian  valve,  .  401,  577 

External  meatus,  ,  .  '  358 

Eye-ball,      .       .  .  .328 

Eye-brows,  .       .  .  .353 

Eye-lids,      .       .  .  .353 

Eye-lashes,  .      .  .  .353 

Face,  20 

Fallopian  aqueduct,  .  .  30 

„  ■     tube,    .  .  .836 

Falx  cerebelli,     .  .  .216 

„  cerebri,  .  .  .216 
Fascia,        ....  73 

Fasciculus  teres,  .  .  246 

Fauces,       .       .  .  ."86 

Femoral  glands,   .  .  .  539 

Ferrein,  pyramids  cf,  .  .  784 

Fibras  propria3,     .  .  .  257 

Fibro-cartilage,  .  .  159 

Fibrous  tissue,     .  .  .145 

,,     membrane,  .  .  145 

Filum  terminale,  .  .  223 
Fimbrioe,      ....  836 

Fission  of  cells,    .  .  .118 

PcEtal  placenta,    .  .  .  862 

Foramen  ccecum,  .  .  378 

„      of  Monro,  .  .  214 

„       ofWiuslow,  .  .  682 

Foramina,  ovale,  .  .  401,  677 

„       Thebesii,  .  .  401 

Foregut,      .      .  .  .774 

Formatio  reticularis,  .  .  251 

Fornix,        .       .  .  .291 

Fourchette,  .       .  .  .851 

Fourth  ventricle,  .  .  212,  259 

Fossa  ovaHs,        .  .  .  401 

Fovea  centralis,   .  .  .  341 

Froena  epiglottidis,  .  .  649 

FrjEuum  labii,      .  .  .  649 

„      linguae,  .  .  .  649 

Frontal  lobe,       .  .  .268 

Funiculus  cuneatus,  .  .  225 

Gall  bladder,      .  .  .741 

Gaertuer's  canals,  .  836,  856 
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Ganglia  of  base  of  cerebrum, 
post-pyramidalia 

Gangliated  cord,  . 
Ganglioa  impar,  .       •  • 
Gastro-splenic  omentum,  55b,  oai 
Gelatinous  tissue,       •  .1*4 
Genital  cord, 

„     eminence,       .  • 
„     glands,    .  • 
Germinal  matter, 
„  vesicle, 
Ginglymus,  .  . 
Glandulse  concatinatse,  . 
Glaserian  ilssure,  . 
Glenoid  fossa, 
Glisson,  capsule  of, 
.  Globus  major, 
mruor, 
Goblet  cells, 

Goll,  band  of,      .       •  • 
Grains  of  Folin,  . 

Gum,  

Gustatory  bulbs,  .       .  .  • 
Gyii  of  cerebrum, 
Gyrus  fornicatus,  _ 
,,  hippocampi, 


144 
856 
857 
855 
114 
117 
67 
535 
29 
39 
731 
806 
806 
704 
225 
854 
649 
379 
262 
271 
271 


Ileo-colic  valve,  . 

Ileum,  ... 
Immovable  joints, 
Incisor  teeth, 
Incisive  foramen, 
Inferior  vepa  caya,  . 
Infra-axillary  region, 

mamniary,  . 
Infimdibulum, 


Hair,   ,       .       .  • 
Hair  follicle,     .  . 
Haemoglobin, 
Haversian  canals, 
Head,  .       .       .  • 
Heart,  .      .       .  ■ 
Helicotrema, 
Helix,  .      .      .  • 
Hemisphere  vesicles,  . 
Hepatic  artery,  . 
„  ceUs, 

„     flexure  of  colon, 
„.  vein. 
Hermaphroditism, 
Heterodont, 
Hindgut, 
Hinge  joint, . 
Hippocampus  major, 

,,         minor,  . 
Homodont,  . 
Homologues, 
Huxley,  sheath  of, 
Hyaline  cartilage, 
Hymen, 
Hypoblast, 
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699,  775 
63 
747 
.31 

400 
613 
612 

2i3, 262,  .573 


Infundibuliform  fascia. 
Inguinal  lymphatic  glands,  . 
lutercarotic  body, 

„         ganglion,  . 
Intercellular  substance, 
Intercentral  nerves,  . 
Interglobular  spaces,    .  . 
Intermedio-lateral  nerve  cells, 
Intermediate  cell  mass, 
Intermuscular  septa,  . 
Internal  ear,     .  .       •  • 
Internal  structui-e  of  cerebrum,  281 
Intestine,  large,   .       .       •  '^i 
„      smaU,  .       .      .  697 
Intestinal  canal,  .       •       ■  ^Vn 
Intestinal  villi,    .      •       •  %ti 
Iris,  335 


803 
536 
316 
458 
147 
189 
753 
227 
854 
108 
364 


Iliac  lymphatic  gland.s,       .  537 


387    Jejunum,  . 
387    Joints,  definition  of,  . 
122    Joints,  description  of— 
163  acromio-clavicular, 
20         ankle,  . 
397,  575         carpal,  .      •  • 
370         carpo-metacarpal,  . 
358  coraco-clavicular,  . 

213         costo-transverse,  . 

734  costo-sternal, 
736  costo-vertebral, 

\    713  cranio-vertebral,  , 

735  crico-thyroid, 
'.    858  elbow, 

.    746         hip,      .  . 
774  interclavicular, 
67  interphalangeal,  . 

2i5,  275  intervertebral, 
.    275         knee,     .       •  • 
745  metacarpo-phalangeal, 
54  metatarso-phalangeal, 
'.    389         pubic  symphysis 
.    157  radio-carpal,  . 

.    848         radio-ulnar,  . 
210,  862  sacro-iliac, 

sacro-sciatic, 
shoulder, 
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90 
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.  99 
.  99 
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Joints,  description  of — 
stemo-clavicular,  . 
tarsal, 

tem  poro-maxillary> 

tibio-fibular, 

■wrist. 

Kidney, 

„     structure  of,  . 
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.  103 
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782 


Labia  majora,      .      .      ..  851 
Labial  gland.s,     .       .  .653 
Lacteal  vessels,    ,       .       .  530 
Lacunae  of  bone,  .       .       .  165 
Lachrymal  apparatus,  .       .  354 
Lamellae  of  bone,        .       .  164 
Lamina  cinerea,   .       .       .  231 
Lamina  fusca,      .      .      .  336 
,,     vitrea,     .      .  .336 
Large  intestine,    .       .       .  7i2 
Larynx  or  organ  of  voice,    .  587 
Lateral  ventricle,        .       .  214 
Leaping,      .       .      .  .107 
Left  auricle,        .      .      .  405 
„  colon,   .      .       .  .715 
„  or  posterior  ventricle,  .  405 
Leuco-cytes,        .      .      .  129 
Lieberkuhn,  glands  of,       .  708 
Life,  definition  of,       ..      .  112 
Ligaments,  description  of,   .  55 
annular,       ...  96 
glosso-epiglottidean,     .  591 
hepatico-duodenal,       .  699 
byoepiglottidean,        .  591 
inferior  crico-thyro-ary- 

tenoid,  .  .  .  590 
ligamentum  denticulatum,  222 
Ugamentum  latum  pul- 
monis, .  .  .  619 
ligamentum  pectinatum,  335 
phrenico-splenic,  .  .  556 
posterior  crico-arytenoid, 

592,  600 

pterygo-maxiUary,       .  648 
pubo-prostatic,     .       .  796 
thyro-epiglottic,    .       .  591 
thyro-liyoid,         .      .  589 
Limbs,  development  of,      .  59 
Linea  alba,  ....  77 
Lingual  glands,    .      .      .  653 
Liver,  ....    724,  777 
,,    lobules  of,  .      .      .  731 
„    lymphatics  of,    .       .  740 
„   nerves  of,    ,      .       .  740 
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Liver,  structure  of,      .      .  730 
Lobes  of  cerebellum,    .      .  255 
'    „     cerebrum,      .       .  263 
Lobus  caudatus,  .      .      .  729 
„     qiiadratus,        .       .  729 
Spigelii,    .      .      .  729 
Lobules  of  Lung,  .       .       .  632 
Locus  coeruleus    .      .      .  253 
Lower  limb,        ...  44 
Lung,  development  of,        .  777 
.  „     lobes  of,     .       .       .  627 
,,    position  and  form  of,  626 
Lumbar  lymphatic  glands,  .  537 
Lymph,       .       .       .  .128 
,,     capillaries,      .  .540 
„     follicles,  .       .  .546 
,,     follicular  tissue,      .  546 
„     vessels,    .      .    575,  711 
,,     vascular  system,     .  529 
Lymphatic  hearts,       .       .  543 
,,        vessels,      .       .  529 
Lymphatics  of— 

abdomen,      .       .       .  536 
abdominal  viscera,       .  537 
bladder,       .      .  .779 
head  and  neck,     .      .  534 
heart,    ....  536 
lower  limb,  .      .      .  638 
lung,     .      .      .    535,  641 
oesophagus,  .      .      .  536 
spleen,  ....  564 
stomach,      .      .      .  696 
thorax,  ....  535 
thymus,        .       .       .  636 
nipper  Hmb,  .       .       .  633 
uterus,  ....  846 
Lymphoid  organs,       .      .  545 
,,       tissue,        .      .  646 

Malpighi,  pyramids  of,  .  783 
„  rete,  .  .  .383 
Malpighian  bodies,  .  .  561 
Malleolus,  ...  51,  52 
Male  organs  of  reproduction,  801 
Mammae,  ....  851 
Mammse,  development  of  .  859 
Marrow,  .  .  .  .167 
Mass  and  weight  of  brain,  .  296 
Maternal  placenta,  .  .  871 
Matrix  substance  of  tissues,  120 
Meckel's  cartilage,  .  .  57 
Meatuses  of  ear,  .  .  .  358 
of  nose,        .      .  35 


Mediastinum, 


395,  621 
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pupUlaris,  . 
EuyscHana, 
tympani,  . 
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Mediastimim  testis,     .      •  806 
MeduUated  nerve  fibres,  . 
Medulla  spinalis  .      .  • 

„      oblousata,      .    21 A 
Medullary  canal,  .      •      '  ilt 
sheath-,       •  - 
spaces  of  bone,    .  1/i 

MegaUantoids,  .  •  '  oZ. 
Meiboamian  gbids,  .  .  •  O''* 
Membranes  of  brain  andspinal 

cord,.       .     .•       •       •  10K 
Membrana  propria^.^    .  • 

"  ^ 

.  360 

Meniscus,    .       •       •       •  JiL 

Srr^"     :    »,  699,  76 
Mesenteric  glands,       .  • 
Mesial  line  and  plane,  .       •  » 
Mesoblast,-  .       .       •    210,'  8b2 
Mesogastrium,     .       .  J-,^ 
Meso-rectum,       .       .       •  oin 
Micrallantoids,    .       .      •  »oy 
Middle  cerebral  veside,       ■  ^j-j 
-      Sut,        .      •  -774 
Migrating  cells,     .       .  ■ 
Mitral  valve,       .       •       •  4(m 
Mixedinerves,      .       •  • 
Moderator  band,  .       •      '•  404 
Modiolus,     .       .       ■  • 
Molar  glands,      .       •       •  E"^^ 
„    teeth,  .       .       .  .749 
Monophyodont,   .      .      •  745 
Mons  veneris,       •      •      •■  851 
Morgagni,  hydatid  of,  .       .  806 
Motorial  end-plates^,    .      .-  204 
Motor  nerves,      .      •      •  300 
Mouth,        .       .      .  646,775 
Moveable  joints,  ...  63 
Miillerian  duct,'    .       .       .  856 
Mucous  glands  of  mouth,     .  653 
Multipolar  cells,  .      .  .200 
Muscles,      .      .      .  .69 
Muscles  acting  on  interverte- 
bral joints,       .       .  75 
abdomen,      ...  77 
acromio-clavicular  j  oLnt,  90 
ankle,    .      .      .  .104 
carpal  joints,        .       .  95 
cranio-vertebral,    .       .  76 
digits,    .      .      .  .95 
elbow,  .       .      .  .92 
hip,       .      .      .  .100 


Muscles  acting  on— 
knee, 

radio-ulnar,  . 
ribs  and  sternum,  . 
shoulder, 

sterno-clavicular,  . 
tarsal,  . 

■wrist,    .  _    •  • 
Muscles,  description  ot— 
accelerator  urinse,  . 
arytenoid, 

broncho-oesophageal, 
buccinator. 


FACE 

102 
93 
78 
91 
90 

105 
94 

.  823 

.  601 

.  670 

.  648 


bulbo-cavemosus,  823,  848 
cUiary,  • 


coccygeus. 


718 


constrictors  of  pharynx,  660 
compressor  bulbi,  .       •  o4» 
cremaster,     .       •       '  rqa 
crico-thyroid,       .  • 
dai-tos,  .       .       ■  ■ 
deglutition,  muscles  ot,  »/ 
detrusor  urinse,  •  .  • 
dermal,        .  •  '/^ 

depressor  anguli  oris,    .  M» 
depressor  labii  inf erioris ,   64  / 
diaphragm,   .       .       -  79 
diaphragma  oris,  .       •  04» 
epi-skeletal  muscles,     .  i^l 
expression,  muscles  of,  . 
external   or  superficial 
intercostal,        .  . 
eyeball,  muscles  of,      •  obb 
hyo-pharyngeus,   .      .  bbZ 
hypo-skeletal  muscles,  .  iU5 
internal  or  deep  inter- 

costal,  .  ■  .60/ 
intra-  or  subcostal,  •  oUS 
laryngo-pharyngeus,  .  6bU 
larynx,  muscles  of,  .  09/ 
lateral  crico-arytenoid,  .  600 
laxator  tympani,  .  .  363 
levator  anguli  oris,  .  647 
levator  ani,  .  •  •  717 
levator  communis,  .  647 
levator  glandulse  thyro- 

idei,  .  .  •  -568 
levator  labii  superioris 

proprius,  .  .  .647 
levator  menti,  .  •  o*o 
levator  palati,  .  •  666 
levator  prostatse,  .  ■  717 
levatores  or  azygos  uvulse,  667 
mastication,  muscles  of,  81 
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Muscles,  description  of — 

mylo-byoid,,  .  .  .648 
oblique  aryteno-epiglot- 

tidei,  .  .  .601 
oblique  muscles  of  eye- 
ball, .  .  ,  .357 
orbicularis,  .  .  .  646 
palato-glossns,  .  .  667 
palato-pharyngeus,  662,  667 
panniculiis,  .  .  .73 
pelvic  diaphragm,  .  718 
periosteal  muscle, .  .  357 
platysma,  .  .  .  73 
pleuro-cesophageal,  .  670 
quadi-atus  meuti,  .  .  648 
recti  muscles  of  eyeball,  356 
retractor  uteri,  .  .  841 
risorius,  ...  .  647 
salpiugo-pliaryugeus,  .  663 
sphiucter  muscles,  .  83 
sphincter  ani  extemus,  .  716 
sphincter  ani  internus,  .  721 
sphincter  uretra;  prosta- 

ticus,      .        .  .815 
sphincter  vesicas,  .       .  797 
stapedius,     .       .      .  363 
steruo-thyroid,      .       .  597 
stylo-phaVyngeus,  .      .  662 
tensor  palati,        .       .  6fi7 
teusortympani,     .       .  363 
thyro-aryteuoid,    .       .  598 
tbyro-epiglottidei,        .  601 
thyi'o-hyoid,  .       .       .  697 
triangularis  sterni,       .  608 
zygomaticus  major,      .  647 
zygomaticus  minor,      .  647 
Muscle  rods,       .      .  .183 
corpuscles,       .       .  184 
Muscular-fibre  discs,    .  .182 
fibriUaj,        .       .  182 
Muscular  tissue,  .       .       .  177 
Musculi  papillares,       .       .  405 
„    pectinati,        .    400,  405 
Myeloid  cells,      .       .  .168 
Myotomes,  .      .      .  .108 

Nails,   386 

Nasal  fossEe,       ...  34 
,,    pits,  .       .       .  .327 

Nasmyth's  membrane,  .      .  755 

Nerves,  description  of — 

abducent,  .         .       .  304 

accessory  obturator,      .  240 


Nerves,  descnption  of— 

anterior  crural,      .       .  240 

anterior  interosseous,  .  239 
anterior  primary  divi- 

.sions   233 

anterior  thoracic,  .       .  238 

ai-ticular,      .       .       .  315 

auriculo-parotidean,      .  235 

auriculo-temporal,        .  310 

brachial  plexus,    .       .  236 

Cauda  equina,     .  .       .  232 

carotid  plexus,      .       .  314 

cardiac,.       .       .    313,  :3]  6 

carotid,  ....  311 

cavemous  plexus,  .       .  314 

centripetal,    .             .  190 

cervico-facial,       .       .  306 

cervical  plexus,     .       .  235 

chorda  tympani  ,  .       .  305 

ciliary  ganglion,    .       .  308 

circumjlex,  .  .  .  238 
comniunicans  peronei  and 

tibialis,    ,'  .       .       .  243 

communicating  branches,  315 

conimunicantes  uoni,     .  235 

cutaneous,     .       .       .  238 

dental   309 

descending  palatine,      .  309 

digastric,      .       .       .  305 

distributory,  .       .       .  315 

eighth  cranial,    306,  311,  312 

electric,  ....  191 

excito-niotory,      .       .  191 

external  cutaneous,  .  240 
fifth  cranial,  .       .  .307 

first  cranial,  .       .       .  306 

fourth  cranial,       .       .  303 

gastric,  ....  313 

genito-crural,        .       .  240 

glossal,  ....  311 

glosso-pharyngeal,        .  311 

great  sciatic,  .       .       .  243 

hypogastric,  .       .       .  317 

by]poglossal,  .       .       .  307 

ilio-hypogastric,    .       .  239 

ilio-inguinal,  .       .       .  240 

inferior  dental,      .       .  310 

inferior  maxillary  of  5th,  309 
infra-orbital,  .       .  .309 

iufra-trochlear,      .       .  308 

inhibitory,     .       .       .  191 

intercosto-bumeral,       .  234 

internal  cutaneous,       .  238 
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Nerves,  description  of— 
jugular  gau-ha,     .  • 
labial,    .       .       •  ■ 
lachrymal,"   .       •  • 
lateral  cutaneous,  .  ■ 
lesser  internal  cutaneous,  A^S 
lingual  or  gustatory,  . 
long  buccal,  .       .  • 
lumbar  plexus,      .       •  ^^^^ 
lumbo-sacral  cord,  .  ■ 
malar;   .  •       •  -'^^ 

median,     ,    •.     •  • 
Meckel's  ganglion,  . 
motor'  masticatory,       .  olU 
motor,  .       .       .  • 
muscnlo-cutaneous,  . 
musculo-spii-al,     .      •  2-io 
nasal,    .       .       •  -309 
nerves  of  common  sensa- 
tion, .       .      .  -191 
nerve  of  Jacobson, .       .  ol^ 
nervous  plexus,     .       .  "43 
nerves  of  special  sense,  .  191 
ninth  cranial,        .       •  '307 
obtiu-ator,     .       •       •  240 
occipitalis  minor,  .       .  2do 
oculo-motor,        .       ■  302 
oculo-nasal,   .       .       •  308 
oesophageal,  .       .       •  313 
olfactory,     ».       •       •  32j 
ophthalmic  division  of  5th 

nerve,        .       •       •  308 
otic  ganglion,        .      •  311 
palpebral,      .       .       •  fit 
peroneal,      .       •  .Mo 
petrous  ganglion,  .       .  311 
petrosal,       .       •       •  305 
pharyngeal,  .     311,  313,  315 
phrenic,        .       .       •  235 
pneuniogastric,     .       .  312 
popliteal,      .       .       .  243 
posterior  auricular,       .  305 
posterior  interosseous,  .  238 
posterior  primary  divi- 
sions,       .       .       •  232 
posteri'or  thoracic,  .       .  238 
portio  intermedia,  .       .  305 
portio'dura,  .       .       .  304 
portio' mollis,       .       •  372 
prevertebral  cardiac 

plexus,  .  .  •  317 
pterygo-palatine,  .  .  309 
pudic,  ....  242 
pulmonary,  .       .      •  313 


241 


Nerves,  description  of— 
radial,  . 

recuiTent  laryngeal, 
reflex,    .  • 
sacro-coccygeal  plexus, 
sacral  plexiis, 
saphenous,  _  . 
second  cranial, 
secretory, 

seventh  cranial,  . 
sixth  cranial, 
small  petrosal, 
small  sciatic, 
spheno-palatine,  . 
spinal  accessory,  . 
spinal,  . 
splanchnic,  . 
sub-occipital, 
submaxillary  ganglion, 
subscajmlar,  . 
superior  gluteal,  . 
superior  laryngeal. 


PAGE 

238 
313 
191 
244 
240 
244 
347 
190 
304 
304 
311 
243 
309 
306 
231 
316 
231 
311 
238 
241 
313 


superior  maxillary  of  5th,  308 


supra-clavicular, 
supra-scapular, 
supra-trochlear, 
temporo-facial, 
third  cranial, 
tonsillitic, 
ti'ansversalis  colli, 
trifacial, 
trochlearis, 
trophic,  . 
tympanic, 
ulnar, 
vagus,  . 
vaso-motor,  . 
vidian,  .       .       .  • 
Nerve  cells,  .      .  • 

„  fibres. 
Nervous  system,  . 

,,  tissue. 
Neural  arch,       .       .  • 

„     laminre,  . 
Neuroglia,    .      .       .  • 
Nodes  of  Kanvier,        .  . 
Non-medullated  nerve  fibres. 
Non-striped  fibre. 

Nose,  

Nucic,  canal  of,  . 
Nucleus,      .       .       .  . 

„  amygdaloe, 
NymphiB,    .  . 


236  ■ 

.  236 

.  308 

.  306 

.  302 

.  311 

.  236 

.  307 

.  303 

.  190 

.  312 

.  239 

.  312 
190,  316 

.  309 


198 
192 
189 
192 

11 
211 
143 
195 
196 
178 
322 
842 
114 
285 

850 
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Obliterated  umbilical  vein, 
Oblong  joints, 
Occipital  lobe, 


740 


,,  sinuses, 
Odonto-blasts, 


Odonto-klasts, 
Oesophagus, 
Omenta, 

Ompbalo-mesenteric  duct,  773, 

776,  865 

Optic  lobes,  . 

„  nerves, 

,,  thalami, 
Olivary  body, 
Olfactory  bulb, 
,,  cells. 


hairs,  . 
„      region,  . 
,,      nerve,  . 
,,  peduncle, 
Os  cordis, 
Osteo-dentine, 
Osteo-blasts, 
Osteo-ldasts, 
Osseous  spiral  lamina, 

, ,  tissue, 
Os  uteri, 
Otoliths, 
Ora  serrata. 
Organs  of  digestion, 

,,  of  reproduction, 
,  ,,     of  respiration, 

,,     of  sense, 
Organ,  definition  of. 
Organ  of  Giraldfes, 
„     of  Eosenmiiller, 
,,     of  voice, 
Ovarium  masculinum, 
Orbit,  . 
Oviduct, 

Ovigerous  chamber, 
Ovula  Nabothi, 
Ovum,  . 


.  263 
.  218 
757,  762 
.  767 
669,  775 
677 


213,  281 
213,  262,  341 

213,  278 
.  246 
.  214 
.  325 
.  325 
.,  324 
.  326 

214,  325 
.  410 
.  757 
.  170 
.  172 
.  368 
.  162 
.  840 
.  367 
.  340 
.  643 

801,  825 
.  604 
.  321 
.  Ill 
811,  854 
836,  856 
.  587 
.  859 
.  34 
.  836 
.  872 
.  843 
117,  830,  862 


Pacchionian  bodies,  .  .  221 

Palatine  glands,    .  .  .  653 

Palpebral  fissure,  .  .  353 

Pampiniform  plexus,  .  805,  831 

Papilla  optica,     .  .  .  341 

Parieto-occipital  fissure,  .  263 

Parietal  lobe,       .  .  .  264 

Pancreas,      .       .  .  743,  777 

Parotid  gland,     .  .  .  654 

Par-ovarium,       .  .  836,  856 
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.  405 
,  673 
.  795 
.  49 
.  310 
.  665 
.  166 
.  642 
.  195 
.  163 
.  202 
.  674 
.  395 
.  160 
72,  179 
542 
642 
156 
218 
709 
86,  659 
.  664 
215,  221 
154 


548, 


Pars  membranacea  septi. 
Pelvis,  .  .  ; 
Pelvic  fascia, 

„  girdle, 

,,    plexuses,  . 
Penicilli, 

Perforating  fibres  of  bone, 
Peribronchial  lymphatics. 
Perineurium, 
Periosteum, 
Peripheral  end-organs. 
Peritoneum,,' . 
Pericardium, 
Perichondrium,  . 
Perimysium, 
Peri- vascular  canals,  . 

„  lymphatics. 
Permanent  cartilage,  . 
Petrosal  sinuses,  . 
Peyer's  glands. 
Pharynx, 
Pharyngeal  tonsil, 
Pia  mater,  . 
Pigmentary  tissue. 
Pineal  gland,  213,  280,  574,  586 
Pituita,  .  .  .  .324 
Pituitary  body,  213,  262,  573,  585 
Pivot  joint,  .  ...  67 
Placenta,  .  .  .  .  861 
Plane  surfaced  joints,  .  .  67 
Plasma  canals,  .  .  .  541 
Pleurae,  .  .  .  .619 
Pleural  cavity,  .  .  .  624 
„  villi,  .  .  .625 
Pleuro-peritoneal  cavity,  774,  778 
Pomum  Adami,  .  .  .  688 
Pons  Tarini,  .  .  .262 
Pons  Varolii  or  bridge,  .  252 
Portal  vein,  ....  733 
Posterior  commissure,  .  .  21 3 
„  cerebral  vesicle,  .  212 
,,  [  epithelium  of  cornea,  333 
„  elastic  lamina,  .  333 
,,      intercostal  fibrous 

membrane, . .  .  608 
,,  nares,  .  .  .  322 
Pouch  of  Morgagni,  ,  .  695 
Poupart's  ligament,  .  .  77 
Premolar  teeth,  .  .  .  749 
Prevertebral  cardiac  plexus,  317 
,,  hypo  -  gastric 

plexus,      .  318 
,,        solar  plexus,    .  317 
Prickle  cells,       .      .      •  384 
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Pimary  cerebral  vesicles,     .  212 
Primitive  alimentary  caual,     i  t  i 
chorion,       .  • 
,'       dorsal  aortae,       •  O'b 
membrane  of  nerve 

fibre         .  • 

»        1       '  774 
pharynx,      .       •  "Ji 

Primordial  kidneys,     .  •  oo* 

Protistse,     .       •       ■  ■ 

Protovertebrte,     .  oi,  i.m 

Protoplasm,        .       •  • 
Protoplasm  processes  of  neiTe 

cells,       .       .      •  • 
Pterygo-maxillary  fissure,    .  |4 

Pulmonary  artery,       .  •  ody 

capillaries,  •  ooy 

veL        -  405,  0 

vesicles,     .  •  W4 

pleura,       .  ■  bdi 

Pulp  of  the  tooth,       .  •  75/ 

Pyloric  valve,      .       •  oo< 
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Salivary  glands  of  mouth,    .  654 

Sarcolemma,       .      •  ' 

Sarcous  elements,       .  'i}"^ 

Sarcode,       .       •      •  112,116 

Scapular  arch,     .       .  •  ^' 

Scbneiderian  membrane,  . 

Sclerotic  coat,      .       •  ' 

Screwed  surface  joints,  .  oo 

Scrotum,     .       -       •  • 

Secondary  chorion,      .  •  ^06 

Semicircular  canals,     .  • 

Semilunar  ganglia,       .  • 

.  404,  40o 


valve. 
Seminal  tubes,  . 
Sensory  nerves,  . 
Septum  lucidum, 

,,  nasi, 
Serous  membranes. 
Shoulder  girdle,  . 
Sheath  of  Huxley, 
Sigmoid  cavity. 


807 
300 
214 
323 
139 
37 
389 
42 


Eectum,      .       •      •  715,776 
Receptaculum  chyli,    .       •  o6i. 
Ked  corpuscles  of  blood,      .  l^t 
Eegions  of  abdomen,  .        .  o7^ 
head,  .       .  .266 
„      heart,        .       •  613 
„      thorax,      .       •  612 
Reproductive  system,  .      •  ^^1 
Restiform  body,  .       .  .Mo 
Respiratory  system,  develop- 

mentof,    ....  773 
Respu-atory  glottis,     .      .  ovo 
„        region  of  nose,  oz4 
„        system,    .       .  604 
Eete  mirabile,     .      .      ■  415 
Retina,       .      .  213,329,340 
Retiform  connective  tissue,  143 
Right  colon,        .       .  • 
,,    lymphatic  duct,         .  066 
„    or  anterior  ventricle,  .  402 
Eima  glottidis,    .       •  • 
Rods  of  Corti,      .       .  • 
Roof  nuclei,        .       •       •  ^oo 
Rolando,  iissure  of,      .       .  ^bd 
Rotation  joints,    .       ■       •  67 
Root  of  lung,       .       .       .  629 
Rouleaux,    ....  }-^o 
Running,     ....  107 


Sac  of  omentum,  . 
Sacculus, 

Saddle-shaped  joint, 


682 
366 
68 


flexure  of  colon,  715,  776 

„  meso-colon,  .  •  680 
Sinus  venosus,     .       •    400,  405 

„     of  Valsalva,       .  •  404 

Skeleton,  appendicular,  .  » 

„       axial,    ■       ■  •  i 

„      definition,     .  •  » 

„      forms  of,      .  ■  o 

„      development  of,  .  54 

„      homologies  of,  .  54 

RTrin                      .        •  • 

§kuli,  :      .       .      •  20,  56,  58 

age,  character  of,  .  o& 

„    {sexual  character  of,  .  34 

Small  intestine,   .       .  ' 

Socia  parotidis,    .       .  • 

Soft  palate,  .       .       •  •  ^64 

Solitary  glands,   .      •  '  izi 

Somato-pleure  layer,    .  .  77g 

Spermatic  cord,   ..       .  .  802 

„      fascia,  .      .  •  oO<5 

Spermatoblasts,  .       .  "  ^2? 

Spheno-maxillary  fossa,  .  34 

„      fissure,  .  34 

Spheroidal  epithelium,  .  135 

Spine,        .       •      •  '  „lo 

Splanchno-pleure  layer,  .  773 

Splenic  flexure  of  colon,  .  714 
Spleen,  position  and  form,  .  555 

„     development  of,  .  585 

Spleen-follicles,   .       .  .561 

Stomata,     .      .      .  140,  497 
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Stenson's  duct,    .      ■.      .  655 

Sternal  mediastinal  glands,  535 

Sterno-pericardiac  ligaments,  396 

Striag  longitudinales,    .       .  273 

„  mediillares,  .  .  246 
Stomach,     .      .       .    685,  775 

Structure  of  stomach,  .      .  689 

Styloid  process,   .       .       .  42 

Sub-arachnoid  cavity,         .  219 

Sub-dural  space,  .       .       .  219 

Sub-lingual  gland,       .       .  656 

Sub-maxillary  gland,   .       .  655 

Sub-pleural  lymphatics,       .  647 

Substantia  gelatinosa,  .       .  222 

Subzonal  membrane,    .       .  864 

Sulci  of  cere])rura,       .       .  262 

Superficial  glands  of  groin,  .  538 

Superior  vena  cava,     .       .  400 

Suplementary  cells,     .       .  704 

Supra-renal  capsules,   .    570,  585 
Supra-condyloid  foramen,  . 
Supra-sternal  fossa. 
Suture,  .... 
Sweat  glands. 
Synchondrosis, 
Sympathetic  nervous  system. 
Sylvian  fissure,  . 
Synovial  fringes. 

Synovia  


41 

612 
63 
391 
63 
313 
263 
141 
66 

386 
214 
214 
290 
745 
751 


Tactile  corpuscles, 
Tsenia  hippocampi, 

semicircularis,  . 
Tegmentum. 

Teeth,  ..... 
structure  of, 
an-angement  and  form 
of,  .       .      .  .745 

,,  development  of,  .  7.58 
Temporary  cartilage,  .  .  ]  56 
Temporo-sphenoidal  lobe,  .  263 
Temporal  fossa,  ...  34 
Tendinous  tissue,  .  .145 
Tentorium  cerebelli,  .  .  217 
Tessellated  epithelium,  .  182 
Testicle,  .  .  .  .802 
Thebesian  valve,  .  .  .401 
Third  ventricle,  .  .  .213 
Thoracic  duct,  .  .  .  531 
Thorax,  ....  18 
Thymus,      .      .      .    565,  586 

„  follicles,  .  .  566 
Thyroid  cartilage,       .      .  588 

'„      gland,     .      .    567,  585 


Thyro-hyoid  membrane,  .  ^589 
Tissues  or  textures,  .  .110 
Tongue,  .  .  .  .376 
^onsil,  ...  86,  650 
Torcular  Herophili,  .  .  218 
Trachea,  ....  614 
Trabecular  framework,  .  557 
Transitional  epithelium,  .  136 
Transversely  striped  fibre,  .  180 
Transverse  meso-colon,  .  714 
„       colon,         .       .  713 

Irapezmm  252 

Tricuspid  valve,  .       .  403 

Trigone,  .  .  .  .793 
Trochanters,  ...  50 
TiTincus  communis  arteriosus, 

576,  578 

Tubuli  uriniferi,  .  .  .  783 
Tunica  pharyngis  externa,  .  663 
Tunica  vaginalis,  .  .  .  803 
Tympanum,        .       .  .360 

Umbilical  region,  .      .       .''1 674 
Umbilical  vesicle,     700,  773,  864 
Upper  limb,        ...  36 
Urinary  bladder,  .      .  .793 
„  development 
of,      .      .      .  854 
Urinary  system,  .       .       .  779 
Uro-genital  sinus,        .       .  857 
Urethra,  female,         .       .  800 
„      male,    .       .  .818 
Utero-placental  veins,         .  877 
Uterus,  position  and  form,  .  8-38 

„      structure,       .       .  840 
development,  .       .  857 

,,  ligaments  of,  .  .  840 
Urachus,  .  .  796,  855,  864 
Ureters,  ....  792 
Uterus  masculinus,  '  .  816  857' 
Utriculus,  .  .  .  .366 
Uvea,  .  .  ■  .  .  .  338 
Uvula,  664 


Vagina, 
Vallecula, 
Valve  of  Vieussens, 
ValvulfE  conniventes, 
Vascular  arches,  . 
Vascular  system,  . 
Vas  aberrans, 
Vaso-dentine, 
Veins,  description  of, 
angular, 


.  847 

.  254 

.  260 

.  700 

.  678 

.  393 
814,  854 

,  757 

.  600 

.  612 
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Veins,  description  of-  - 
anterior  jugular,  . 
anterior  longitudinal 

'spinal,    _  . 
anterior  tibial, 
axillary, 
azygos,     _  . 
azygos  major, 
brachial, 
bracliio-cephalic  or  in 
^nominate, 
,,       brain  veins  of, 
cardiac, 
cardinal, 
cavernous  sinus, 
cephalic, 
circular  sinus, 
circumflex  iliac, 
common  iliac, 
communicating, 
coronary, 
coronary  venous  sinus,  . 
coronary  venous  system, 
cranial    venous  blood 

sinuses, 
cystic,  .        .       .  . 
deep  cervical, 
deep  circumflex  iliac, 
deep  epigastric, 
digital, 

diploe,  veins  of, 
dorsal,  . 
duct  of  Cuvier, 
ductus  venosus, 
•  duodenal, 
emissary, 
external  iliac, 
external  jugular,  . 
external  saphenous, 
extra-spinal  or  dorsal, 
facial,  . 
femoral, 
frontal,  . 
great  coronary, 
Galen,  veins  of,  '  . 
hoenionliuidal 

plexus, 
hepatic, 
ileo-colic, 
internal  iliac, 
internal  jugular, 
inferior  lai-yngeal. 


508 

515 
521 
507 
503 
503 
507 

505 
511 
502 
582 
510 
507 
510 
621 
518 
509 
523 
502 
502 


510 
.  523 
.  508 
.  520 
.  520 
.  520 
.  512 
519 
397,  582 
.  582 
.  523 
.  514 
520,  521 
.  508 
520 
614 
509 
521 
509 
502 
512 


venous 


.  519 
618,  735 
.  522 
.  519 

509 
506 


inferior  longitudinal  sinus,  510 
inferior  mesenteric,       .  523 


Veins,  description  of — 

inferior  thyroid,    .  •  506 

inferior  vena  cava, .  .  516 

internal  mammary,  .  506 

intestinal,      .       .  .  522 

lateral  sinus,  .  .  510 
left  azygos  vein,  azygos 

minoi^      .       .    503,  505 

left  bronchial,       .  .  50o 

left  colic,      .       .  .  522 

left  gastro-epiploic,  .  523 
left  superior  intercosta,!,  505 

lingual,  .       .       .  .510 

long  saphenous,     .  .  520 

lumbar,        ...  .516 

middle  colic,        .  .  522 

middle  meningeal,  .  514 

middle  sacral,       .  .  516 

middle  thyroid,     .  .  510 

median-basilic,      .  .  606 

median-ce]3halic,   .  .  506 

median.        .       .  .  506 

occipital  sinus,      .  .  510 

occiiiital,       .       .  .  510 

oesophageal,  .       .  .  503 

omphalo-mesenteric,  576,  582 

ophthalmic,  .       .  .  512 

ovarian,        .       .  .  518 

pancreatic,    .       .  .  523 

peroneal,      .       .  .  521 

hparyngeal,         .  .  510 

phrenic,        .       .  .  618 

plantar,        .       .  .  521 

popliteal,  .  .  .  521 
portal  venous  system,  .  522 
portal  venous  trunlc  or 

portal  vein,      .  523,  733 
posterior  longitudinal 

spinal,       .       .  .  515 

posterior  tibial,     .  .  521 

Ijrimitive  jugular,  .  .  582 

profunda,  .  .  .  521 
prostatic  venous  plexus,  519 

pudic,   .    '  .       .  .  521 

pulmonary,  .       .  501,  640 

radial,  .       .       .  .506 

3'enal,    .      .       .  518,  891 

right  bronchial,  .  .  503 
right  gastro-epiploic,  .  522 
right  superior  intercostal,  505 

short  gastric,        .  .  523 

sigmoid,       .       .  .  522 

spinal,   .      .       .  508,  514 

splenic,        .  622,  663 
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Veins,  description  of — 

spermatic,  .  .  .  516 
straiglit  sinus,  .  .510 
structure  of  tie  veius,  .  526 
subclavian  .  .  .  508 
superficial  epigastric,  .  626 
superficial  of  the  liand,  .  601 
superior  lifemorrhoidal,  .  522 
superior  and  inferior  pe- 
trosal sinus,  .  .  510 
superior  intercostal,  .  506 
superior  longitudinal 

sinus,  .  .  .  .510 
superior  laryngeal, .  .  510 
superior  mesenteric,  .  522 
superior  thyroi'd,  .  .  510 
superior  vena  cava,  .  502 
supra-renal  or  capsular,  518 
suprascapular,  .  .  509 
systemic  group  of  veins,  502 
transversalis  colli,  .  509 
transverse  commutucdt- 

ing  583 

transverse  sinus,  .  .  610 
ulnar,  ....  506 
umbilical,  .  .  582,  867 
uterine  venous  plexns,  .  519 
utero-placental,  .  .  877 
vaginal  venous  ple.Tus,  .  519 
vena  centralis  retina;,  .  512 
vente  comites,  .  .  501 
venaparumbilicalis,  .  625 
vertebral,  .  .  508,  583 
vesical  venous  plexus,  .  519 
Velum  interpositum,    .    215,  221 
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Vente  vorticoss,  .  .  .  337 
Vente  stellatee,  .  .  .  790 
Ventral  aortic  roots,  .  .  576 
Venous  blood.sinuses,  .  .217 
Vertebral  column,  .  .  10 
Vertebras,  .  .  .  .10 
Vestibule,  .  .  .  365,  849 
Vestigial  fold,  .  .  397,  583 
Venules,  .  .  .  .527 
Vibrissfe,     ....  324 

Villi,  702 

Vitello-intestinal  duet,  700,  776 
Vitreous  body,  .  .  329,  349 
Vocal  glottis,  .  .  .  595 
Vulvo-Taginal  glands,  .       .  850 

Walking,     .       .       .  .106 

Wharton's  duct,  .       .  .  655 

White  matter  of  cerebrum,  289 

Windpipe,    .      .      .  .614 

„       development  of  .  778 

Wirsung,  duct  of,        .  .  744 

Wisdom  teeth,      .       .  .  749 

WolfBan  bodies,   .       .  .854 

„     duct  of,         .  .  856 

Yelk,  .  .  .  117,  830,  862 
Yelk  sac,     .      .      .  .864 


YeUow  elastic  fibro-cartilag«  160 
„      „     tissue,  .      .  147 
YeUowspot,       .      .  .340 

Zona  pellucida,  .  117,  830,862 
Zonule  of  Zinn,  .  .  .  350 
Zygomatic  fossa,  .      .      .    '  34 
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